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N recent years welding has exten- 

sively replaced other forms of 
joining and its use is rapidly in- 
creasing in the fabrication of the 
stainless alloys as practical working 
knowledge of the various methods of welding becomes more 
widespread. 

In the interests of fabricators and welders of ENDURO, 
Republic has prepared a comprehensive book to point the 
way to better and more economical welding. It contains 
authentic data on electric arc welding, gas welding, spot and 
projection welding, seam welding and flash welding. Every 
phase of each process is described in complete detail, and 
every recommendation is the result of extensive research by 
Republic welding engineers in the laboratory and in com- 
mercial welding shops throughout the country. 

This book is in no sense of the word an advertisement and 
is not intended for general distribution, but as a reference 
work you will find it invaluable when stainless alloys are to 
be welded. A copy will be 
sent only upon request—and 


£ N 1 [| 7 fl without charge. 


REPUBLIC’S PERFECTED STAINLESS 
AND HEAT-RESISTING STEELS 











Licensed under Chemical Foundation 
Patents Nos. 1316817 and 1339378. 





CENTRAL ALLOY DIVISION+ + MASSILLON, OHIO 


REPUBLIC STEEL CORPORATION 


GENERAL OFFICES “=Re YOUNGSTOWN, OHIO 


Metals & Alloys, published monthly by The Chemical Catalog Company, Inc. Publication office: 1117 Wolfendale St., Pitts- 
burgh, Pa. Executive offices: 330 West 42nd St., New York, N. Y. Entered as second class matter March 14, 1932, at the Post 
Office at Pittsburgh, Pa., under the Act of March 3, 1879. $3.00 a year in U. S.; foreign, $8.00. Vol. 4, No. 8. 




















METALS & ALLOYS 


The Magazine of Metallurgical Engineering 





PUBLICATION OFFICE: 
1117 Wolfendale St., Pittsburgh, Pa. 


H. W. GILLETT, Editorial Director 
Battelle Memorial Institute, 


Columbus, Ohio 
RICHARD RIMBACH, Editor 
WM. P. WINSOR, Advertising Manager 


EDITORIAL AND ADVERTISING OFFICES: 
330 West 42nd St., New York, N. Y. 


BRANCH OFFICE: 
1050 Straus Bldg., Chicago, Ill. 


@ 


EDITORIAL ADVISORY BOARD 
H. A. Anderson 
Western Electric Company 
W. H. Bassett 
American Brass Company 
A. L. Boegehold 
General Motors Corporation 
P. H. Brace 
Westinghouse Electric & Mfg. Co. 
R. A. Bull 
Consultant on Steel Castings 
Junius D. Edwards 
Aluminum Company of America 
O. W. Ellis 
Ontario Research Foundation 
H. J. French 
International Nickel Company, Inc. 
S. L. Hoyt 
A. O. Smith Corporation 
J.B. Johnson 
Wright Field, Air Corps, War Department 
John Johnston 
United States Steel Corporation 
James T. Mackenzie 
American Cast Iron Pipe Company 
John A. Mathews 
Crucible Steel Company of America 
C. A. McCune 
Welding Engineering & Research Corporation 
R. F. Mehl 
Metals Research Laboratory, C. |. T. 
W. B. Price 
Scovill Manufacturing Company 
H. A. Schwartz 
National Malleable & Steel Castings Company 
F. N. Speller 
National Tube Company 
Jerome Strauss 
Vanadium Corporation of America 


@ 
PUBLISHED MONTHLY BY 





THE CHEMICAL CATALOG COMPANY, INC. 


Ralph Reinhold, Pres.-Treas. 
Philip H. Hubbard, Vice-Pres. 
H. Burton Lowe, Vice-Pres. 
Francis M. Turner, Vice-Pres. 


@ 


Annual Subscription: U. S., Possessions; $3.00; 
All Other Countries, $8.00 (Remit by New York 
Draft). All communications relating to subscrip- 
tions or back issues should be addressed to 
METALS & ALLOYS, 330 West 42nd St., New 


York, N. Y. 


Copyright, 1933, by The Chemical Catalog 


Company, Inc. All rights reserved. 


Entered as second-class matter March 14, 1932, 
at the post office at Pittsburgh, Pa., under the 


Act of March 3, 1879. 





CONTENTS - AUGUST 1933 


World's Largest Plate Mill . . . . 


A Few Problems in Non-Ferrous Casting . 
G. Masing 


Some Physical Properties of Commercial 
MEE .. Sate Ss nda cee "9 
J. G. Thompson 


Metal Microscopy at High Temperatures . 
Hans Esser and Heinz Cornelius 

Highlights .... 

Editorial Comment . 

Reviews of Manufacturers’ Literature. 


New Materials and Equipment. 


Cover 


109 


. 14 


. IdIg9 


A9 


MA 272 


MA 274 


CURRENT METALLURGICAL ABSTRACTS 


Generel ........... 
Properties of Metals .. 
Properties of Non-Ferrous Alloys. . 


Properties of Ferrous Alloys 


MA 241 
MA 241 
MA 242 
MA 242 


Corrosion, Erosion, Oxidation, Passivity and Protection of Metals & Alloys. .MA 245 


Structure of Metals & Alloys....... 
Physical, Mechanical and Magnetic Testing. 
Electro-Chemistry ............. 
Industrial Uses & Applications. 

Heat Treatment ........... ; 
Joining of Metals & Alloys...... 
Working of Metals & Alloys...... 
Foundry Practice & Appliances . 
Furnaces & Fuels .......... 


Refractories & Furnace Materials. 


Gases in Metals 


Effect of Temperature on Metals & Alloys. 
Non-Metallic Coatings for Metals & Alloys. . 


MA 247 
MA 249 
.MA 252 
MA 253 
MA 255 
MA 257 
MA 261 
MA 263 
MA 264 
MA 267 
MA 268 
MA 268 
MA 271 


METALS & ALLOYS 
August, 1933—Page A7 














CAST IRON 


is now an 


Engineering Material 


Imagine having suggested to an automotive engineer, in 1928, 
the use of cast iron for cam shafts or crank shafts! 


et 





Imagine asking a gray iron foundryman in 1928 to make quick 
deliveries of castings having 80,000 lbs. tensile 
P. S. 1. with 5% elongation! 


Now It’s Being Done Every Day 


DETROIT 
Rocking 
Electric 
Furnaces 


Facilitate the production of . . 
High Strength 
High Ductility 
Shock Resistant 





Two Type AA-1000-1500 Ib. Detroit Electric Furnaces 
in a Progressive Michigan Foundry 


CAST IRON 


Ask the man who uses one 


DETROIT ELECTRIC FURNACE CO. 


DETROIT, MICHIGAN 
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HIGHLIGHTS 


High Test Cast Iron 


Special cast iron comes in for attention 
this month. Meyersberg (page MA 244 
R5) summarizes the high strength iron 
from the German point of view. Mac- 
Pherran (page MA 244 R83) does the 
same from that of the U. S. 


Quick, the smelling salts! 


Give an idle boiler a sniff of ammonia, 
if you want to keep it from rusting 
while unemployed, says Sevb (page MA 


245 L7). 
® 


Wire for Coal Screening Sieves 


Korner finds (page MA 246 R1) that 
wire for sieves in screening coal and 
coke and in ore classification wear best 
if made from austenitic manganese steel. 
Sounds like a rather sweeping conclusion, 
for the pressure in some types of ore 
dressing shouldn’t be high enough for 
this to be the case. 


S 
Silicon and Age Hardening 


Silicon is edging into a lot of non- 
ferrous alloys, usually conferring precipi- 
tation-hardening effects. Wilson and co- 
workers (page MA 247 L2) discuss Cu- 
Ni-Si and Cu-Co-Si while Ballay (page 
MA 242 L6) studied the former as did 
Guillet. Dahl (page MA 256 R10) deals 
‘with the straight Ni-Si system. Guillet 
and Ballay also comment on Cu-Ni-Sn 
and Cu-Ni-Sn-Si. 


Electrodeposit Bitumen for 
Protection 


Electrophoresis is used, according to 
the Commonwealth Engineer (page MA 
246 R7) to coat the inside of cast iron 
pipe. You fill it with a bituminous emul- 
sion, drag an electrode through the pipe 
and the current coats the pipe, just like 
depositing rubber by electrophoresis. 


& 
Duplex Rails 


Duplex rails with high carbon head 
and low carbon base, made from a layer 
ingot are on the market in Germany 
(page MA 253 L2). Cost is doubled, but 
laboratory wear tests indicate 5 times 
the life. Wonder whether service wear 


will corroborate laboratory tests this 
‘time. 


by H. W. GILLETT 


O YOU want to know what 

metallurgical engineers are say- 
ing, the world over? Look in the 
Current Metallurgical Abstracts. 
Here are some of the points cov- 
ered by authors whose articles are 

abstracted in this issue. 





Solder 


Cadmium solders (page MA 257 L2) 
an 80 Pb, 10 Sn, 10 Cd solder is men- 
tioned as “a standard German solder” 
and said to be as good as 60 Pb, 40 Sn, 
while Montelucci (page MA 257 L5) 
speaks a good word for Cd-Zn eutectic 
solder. 


Good-bye Cupola? 


Editorial comment in the (British) 
Foundry Trade Journal (page MA 263 
R2) says foundrymen will soon consider 
the cupola obsolete for high strength and 
alloy irons, replacing cupolas by oil or 
powdered coal furnaces. Becker (page 
MA 263 R3) and “Anon” (page MA 263 
R6, also page MA 263 R7) speak most 
highly of rotary powdered coal melting 
furnaces. See also page MA 265 L9 & 10 
and Giolitti (page MA 261 L9). 


Thermal Expansion of Cores 
Not often studied, but Varlet (page 


MA 263 R5) says it may be a cause of 
castings not being true to pattern. 


Stresses in Heat Treated 
Forgings 


Internal stresses in large heat-treated 
forgings are discussed by Kirchberg 
(page MA 250 R9). Hollow boring is ad- 
vocated. 


A Rare Topic 


But here’s a topic on which articles 
are rare—quenching oils by Krekeler 
(page MA 255 L5). 


U. S. vs Germany in Steel 
Manufacture 


Russian observer (Chekmarey, page 
MA 262 R2) says U.S. is ahead of Ger- 
many in methods of pouring steel ingots, 
but Germany is ahead in utilization of 
heat, especially in soaking pit practice. 


High Strength Structural Steel 


High silicon, manganese and copper 
and a little chromium and molybdenum 
if desired, give a structural steel (St 52) 
i. e. about 75,000 lbs./in.? tensile, that is 
finding commercial favor in Germany 
says Koppenberg (page MA 242 R10). 


Heat Treat Cast lron 


No month would be complete without 
some articles on heat-treatment of cast 
iron so both Heller and Calbiani (page 


MA 255 LS) summarize its status. 


S 
Mill Scale Not so Bad 


Wrought iron and copper steel are said 
by Britton & Evans (page MA 271 Rl, 
page MA 271 R38) to stand up better in 
atmospheric corrosion, not only bare but 
also when painted, than do ordinary 
steels, because of more adherent rust 
coatings. Mill scale is not so bad, say 
these authors, as long as it isn’t broken, 
if it is broken, its presence is dangerous. 
While the dark of the moon has appar- 
ently not yet been studied in regard to 
painting of metals, it is found that in- 
creased amount of drier helps when paint 
is applied in wet weather, but harms in 
dry. 


Endurance 


Gerbes (page MA 251 L5) says endur- 
ance of all hardened and un-drawn steels 
is practically alike because of internal 
stress and not affected by composition. 
That’s a pretty sweeping conclusion and 
not likely to be entirely true, though, 
broadly speaking, he’s pretty near right 
for many hardened steels. 
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THE NEW JERSEY ZINC COMPANY 
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HE SESSIONS in 
Chicago, June 19- 
30, of the A.F.A., 


A.S.T.M., A.S.M.E., 
A.A.A.S., A.I.M.M.E., 
etc., gave opportunity for many interesting joint meet- 
ings. The Cast Iron people made good use of this op- 
portunity. We have already commented on the excellence 
of the Symposium sponsored jointly by the A.F.A. and 
the A.S.T.M. Among other more detailed contributions 
to the joint sessions on Cast Iron that were outstanding 
were a clear and concise summary of the problem of 
wear testing of cast iron by A. L. Boegehold, and a 
comprehensive study of its impact properties by a sub- 
committee headed by J. T. MacKenzie. The latter has 
not yet been printed. When it does become available it 
will be found a mine of information on many things 
beside impact properties, and worth careful study by 
makers and users of all grades of cast iron. 

In a joint session with the A.S.M.E., the A.F.A. cast 
iron group continued its campaign of education of the 


engineer on the range of properties available in modern 
cast iron. 





The cast iron people are working together to find out 
the facts about their products and put those facts into 
the hands of the people who need to know them, in ex- 
tremely effective fashion. 

The depression has not brought about any moratorium 
mn technical committee work. There were held during 
A.S.T.M. week meetings of some 50 metallurgical com- 
mittees and sub-committees. 

In all the sessions of the two weeks of all the societies 
papers were given or round table discussions held on 
about 100 topics of metallurgical interest. To those with 
numerous committee affiliations and varied metallurgical 
interests as well as some curiosity about the metallurgi- 
cal exhibits at the Century of Progress, the sum total 
was pretty much of a 3-ring circus, and a lot that one 
would have liked to attend had to be left for future 
study of printed papers and discussions. On the whole, 
however, the lumping of so many different topics and 
so many attractions justified the time and place of the 
meetings. 

There was a distinct improvement in the mechanics 
of handling the technical sessions of both the A.F.A. 
and the A.S.T.M. Care had been taken to schedule only 
such a number of papers as could be presented and dis- 
cussed in the time available if the authors gave them 
concisely and the session chairmen kept the meeting 
moving along. In general the authors and chairmen did 
meet these requirements nicely. As a result the technical 
sessions were astonishingly well attended in spite of the 
heat, the poor ventilation of many of the hotel meeting 
rooms, and the simultaneous attractions at the Century 
of Progress. Firms who may have hesitated to send rep- 
resentatives to the conventions, for fear they would show 
up mostly at the Fair and only secondarily at the tech- 





EprroriAL COMMENT 
BOUQUETS 


nical meetings, would have been pleased to note that 
the metallurgical engineers were distinctly putting busi- 
ness ahead of pleasure. 

The A.S.T.M. deserves a special nosegay of its own 
for simplifying the routine of voting on specifications, 
saving time while still avoiding anything savoring of 
steam-roller tactics. The scheme worked so well that it 
is to be hoped that still further progress can be made 
in avoiding wearisome formalities. 

Finally, the A.S.T.M. is to be congratulated on getting 
Dr. Gough, the eminent English authority on fatigue, to 
be present. His Marburg lecture was, of course, the high 
spot of the meeting from the metallurgical point of view, 
and will receive careful study as soon as it is available 
in printed form. His sound and illuminating discussion 
of the various papers on fatigue of metals was also thor 
oughly appreciated. Dr. Gough made many friends on 
his visit just as his colleague Dr. Desch has done on his 
visits to the United States. 

Our largest bouquet is held in reserve for some future 
date when, if a June convention must be held in Chicago, 
the session would be held at some hotel that will air- 


condition the meeting rooms and not merely the dining 
rooms.—H. W. GiLiert 


Metallurgical Theses 


HILE most metallurgical theses for the doctorate 

are ultimately published in full or by means of 
articles giving the gist of their findings, few theses for 
the master’s degree are published. While full publication 
would seldom be justified, especially when the subject 
is to be pursued further, yet there are generally items 
of value in them. Even an occasional senior thesis has 
some points worth recording. 


These theses, while not published, are nevertheless on 
file in the college libraries and available for public use. 
They may usually be borrowed on interlibrary loans. 
They are a part of the metallurgical information that 
is theoretically available. Practically, their availability 
is confined to that particular college because others do 
not know of their existence. 


It would appear that these theses deserve abstracting, 
or at least mention by title, so that those specially inter- 
ested in their subjects may know of their existence and 
be able to look them up if they desire. If the professor 
in charge or the librarian will send copies of such theses 
to Metats & ALLoys on loan, they will be abstracted. 
Theses of former years that are still unpublished may 
be included as well as those of the present vintage.— 
Ricuarp Rimpacu 
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IVE years ago a prominent Eastern steel manufacturer built the “‘Carbo- 

radiant” Fired Furnace as illustrated for heating alloy steel billets. 

Today this furnace is still in good condition throughout and no refractory 
repairs have been necessary. Surely this answers the question of maintenance 
costs for this form of construction. 

‘Carboradiant”’ firing, as compared withcon- phere made possible by the “Carboradiant” 
ventional direct firing of other furnaces in this Combustion Chamber—constructed of “‘Car- 


plant, has resulted in reduced maintenance costs, bofrax,”’ the Carborundum Brand Silicon Car- 
low oil consumption and easier operation. bide Refractory. 


Most important of all, it provides the soft 
furnace atmosphere which reduces scaling of 
the alloy steel billets to a minimum—an atmos- 














This method of firing is easily adapted to 
other types of furnaces and kilns with equally 
satisfactory results. 


| Engineering Bulletins Covering Various Types of Installations Featuring “Carboradiant”’ Firing Gladly Sent on hatte st | 
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THE CARBORUNDUM BRAND SILICON CARBIDE REFRACTORY 


MUFFLES <~« BRICK <« TILE 


The Carborundum Company beet Perth Amboy, N. . 


‘ HEARS nS ‘ peti ME NTS 


Th TD 


DIVISION 


. 


DISTRICT SALES BRANCHES: CHICAGO —- CLEVELAND - DETROIT —- PHILADELPHIA — PITTSBURGH 


: AGENTS: Christy Firebrick Company, St. Louis - Pacific Abrasive Supply Co., Los Angeles, San Francisco, Seattle 
(is Harrison & Company, Salt Lake City, Utah - L. F. McConnell, Birmingham, Ala. 
\ | : Denver Fireclay Co., El Paso, Texas - Williams and Wilson, Ltd., Montreal-—Toronto, Canada 

\ ( CARBORUNDUM, ARBOFRAK AN ARBORADIANT ARE RE TERE TRADE MARKS OF THE CARBORUNDUM OMPANY ) 
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/A\ Few Problems 


Non-ferrous Castings 


by Dr. Georg Masing 


3. GASES IN ALUMINUM ALLOYS 

We have seen that gas evolution has a marked effect 
on shrinkage and on segregation. Let us now consider 
the effect of gases in more detail taking up first the be- 
havior of the “Y” alloy (4% Cu, 2% Ni, 144% Mg, 
balance commercial Al) developed 
by the National Physical Laboratory 
of England. 

This is difficult to cast sound, and 
a series of investigations have been 
made in England in the attempt to 
overcome this trouble, in which treat- 
ment with nitrogen, solidification in 
the crucible and remelting and, later, 
treatment with chlorine gas, or by 
CCl,, SiCl,, TiCl,, ete., carried by 
a stream of nitrogen has been advocated. 

These processes are inconvenient and difficult to carry 
out in the foundry. Very pure and dry nitrogen is re- 
quired to avoid the decomposition of such liquids as 
SiCl, and TiCl, and the oxidation of the melt. Hence 
the process is difficult to use in the rough business of 
a foundry. 


Treatment with metal salts which are solid at room 
temperature, seems to be much easier, and _ practical 
results have confirmed this view. In the foundry of the 
Siemens-Schuckert works in Berlin the Y-alloy is treated 
with zine chloride, although this treatment has become 
less important recently for reasons which will be dis- 
cussed later. 


In the experimental work leading up to this different 
salts were introduced by means of a small reversed 





*Condensed from a lecture delivered at the Carnegie Institute of 
Technology. 


**Metallurgist, Research Laboratory, Siemens-Werke, Berlin-Siemens- 
stadt, Germany. 


Table 8. Influence of Treatments with Different Chlorides on the Density 
of Y-Alloy Sand Castings. 











Unsovndness Elastic limit Yield Point Tensile 
(difference 0.003% 0.2% Strength % Elonga- 
Salt in density) Ibs. /in. 2 lbs. /in. 2 lbs. /in. 2 tion in 8” 
No {0.134 
Treatment 10.103 
CaCle 0.137 24,200 1.6 
206 . . 26,500 1.0 
MgCle 0058 11,500 22,000 +39'200 13 6 
NH,4Cl 0.153 26,200 1,2 
ZnClz 0.060 11,900 22,800 30,200 1.3 
0.050 
0.050 
0.022 
0.041 
0.032 
0.042 
CdClo 0.041 0,806 21,300 29,700 1.0 
PbCls pet 10,800 1,300 
SnCl4+ Ne 0.030 11,600 25,600 29,600 1.0 
SiCl4+ Ne 0.025 13,000 25,400 30,500 0.8 
AIC], 0.025 11,900 22,900 31,300 0.9 





crucible provided with holes so as to enable the molten 
salt or the gases to pass slowly into the molten alloy. The 
alloy was then cast into rods for tensile tests 2 cm. in di- 
ameter, 20 cm. long either in metal molds or in dry sand. 
To ascertain the degree of unsoundness of the sand 
castings, their densities were meas- 

ured and compared with those of the 


HIS is a continuation of chill cast rods. The difference be- 
the article published in 
the July number. Dr. Masing 
here discusses gases in Y- ys . 
alloys, and deoxidation and Table 8 shows the influence of 
structure of copper castings. 


tween the density values of the two 
was taken as a measure of the un- 
soundness of the sand casting. 


different chlorides on the density of 
the Y-alloy. In the first column, 
there are given the differences in 
density mentioned above as a meas- 
ure of unsoundness, in the next ones the results of tensile 
strength tests. It will be seen that the unsoundness of 
0.103-0.134 is reduced by ZnCl, to 0.042 as mean value 
of the same order. But the treatment with MgCl,, CaCl, 
and NH,Cl proved to be useless. 

These results show the effect of salt treatment on the 
soundness of Y-alloy. The salt employed must be reduced 
by the molten aluminum, giving aluminum chloride, while 
the metal of the chloride is being alloyed with aluminum. 
It is obvious that the condition of the formation of alu- 
minum chloride is fulfilled also in the case of chlorine 
gas or the other liquid chlorides mentioned above. If this 
is necessary and considered sufficient, it would be ex- 
pected that treatment with aluminum chloride itself be 
still better, and though the use of AIC1, offers difficulties, 
on account of its high volatility, it has proved to be as 
successful as other chlorides, as it reduces the unsound- 
ness to the value of .045, as may be seen in the table. 

It is interesting to note that the unsoundness is of 
but little account in the tensile strength properties of the 
alloy. This seems to be a general behavior of the alumi- 
num alloys. Unsoundness in them is not so objectionable 
from the standpoint of strength, elastic limit, elongation 
and fatigue limit as for many other materials, or as we 
would expect it to be. 

Of all the chlorides experimentally tested, ZnCl, has 
been found most suitable. Most of the other chlorides 
evaporate more easily than does ZnCl, and are more 
liable to dissociation by the humidity of the air into 
hydrochloric acid and hydroxide. 

If ZnCl, is introduced in the shape of larger pieces on 
the surface of the molten aluminum alloy, a rapid reac- 
tion begins, gas bubbles separate from the molten metal 
and explode in contact with the air. On the surface of 
the molten aluminum, a dry skin is formed which is quite 
different from the film covering the surface without ad- 
dition of ZnCl,. This skin consists of AlCl, and ZnO and 


can easily be skimmed away. Although ZnCl, itself fumes 
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considerably at 700~-800°C. no appreciable fuming oc- 
curs during the reaction with aluminum. The reaction 
lasts some minutes. When it is over, the alloy is skimmed 
in the usual way and can then be cast. 

In the first experiments, we used shit of ZnCl,. Later 
it was found that 0.5% or even 0.25% is sufficient. 
When working with large melts (50 ibs. or more), it is 
better to treat the alloy 2 or 3 times with smaller quan- 
tities of salt, than once with the whole amount of the salt. 

Zine chloride is to a certain extent reduced by molten 
aluminum. Thus far it has not been possible to detect any 
objectionable influence of this small content of zine in 
the alloy. Treated with ZnCl,, this alloy, as sandcast, has 
always been found to be superior to the chill-cast Y- 
alloys not treated with ZnCl,. This holds more particu- 





larly for the mechanical properties. 











What is the cause of the unsoundness of alloys such 


Crucible Furnaces at the International Silver Company. (Courtesy d 
W.S. Rockwell Company.) 4 


= 


as the ’ alloy? 





When treated with ZnCl, or with nitrogen a combus- 
tible gas is separated from the molten metal. This gas 
ean only be hydrogen. This is shown by the fact that or calcium. Such additions have been designated by him ‘ 
hydrogen led through a molten alloy gives rise to serious a ae : 
unsoundness. If the action of ZnCl, consists in the re- 
moval of hydrogen, how can the pressure of this hy- 


r’ elements. He assumes that in pure alumi- 
num or in its alloys not containing “‘disturbers,” the 
. whole amount of the gas (predominantly hydrogen) is 3 
drogen be explained? It must be assumed that the alloy actually in solution, but that this equilibrium is “dis- 
contains not only dissolved hydrogen, but also to a cer- 
tain extent, gaseous hydrogen in the shape of small 


bubbles. These bubbles are probably prevented from 


turbed” as soon as one of the “disturbers”’ is added. Only 
such disturbed alloys are adapted for the treatment with 


i Barn 


chlorine compounds. There can be hardly any doubt that 


ising > surface by » oxide layers floating within 46.38 - oe a ; ; 
rising to the surface by the oo . float ng ‘ the “disturbance” of the equilibrium condition consists 1 

> > ‘ r é € o « y 4 se e ‘ 4 
the metal. By an addition of ZnCl, and by stirring, the in the separation of small hydrogen gas bubbles from the lL 


layers are coagulated and can no longer prevent hy- 


hx molten aluminum. This effect is probably caused by the 
drogen bubbles from rising to the surface of the metal; 


=e lati decreased hydrogen solubility or to the capacity of the 

*y are evolved ¢ > air. atin ; 
they are evolved and burn in the air. The coagulating aluminum to hold the hydrogen in a supersaturated 
agent for Al,O, is probably AIC],. osletien. 

There is another proof that the molten “Y” alloy The 
generally contains hydrogen or, more generally, gas- 
bubbles in its interior, for it is possible to avoid un- 
soundness of the castings by maintaining the molten 


action of chlorides and other compounds of 
chlorine can therefore be readily understood. Only the 
gas bubbles suspended in an oxide nest in the interior 
of the molten aluminum are removed by this treatment, 
and only such bubbles lead to the grave unsoundness 
observed in alloys such as “Y” alloy. The unsoundness 
of materials such as commercially pure aluminum or 


alloy for some time (say 1 hour) ... at a higher tem- 
perature (900°-1000°C.). Under these conditions the 
gas bubbles are capable of reaching the surface. 


It is a very interesting fact that pure aluminum as alloys rich in aluminum seems to be of another origin, 
well as 8% Cu-alloy and the 13% silicon alloy cannot viz., the separation of the dissolved gas during solidifi- 
be improved as much by the treatment with ZnCl,, as cation. For the removal of hydrogen in this state, the 
the “Y” alloy. Several alloys of aluminum are extremely chlorine treatment is not suitable and other means must 
unsound when cast. Tullis has found that this is caused be chosen, 
by the presence of certain elements, such as magnesium The chlorine treatment (as we shall call the treatment 
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Fig. 12. Crystal structure of a copper wire bar. 


with all the chlorine compounds and salts) in most 
plants is usually not applied to the Y-alloy, and I have 
mentioned above that this treatment has gradually be- 
come less important. This is because of a change in 
quality of commercial aluminum. When repeating the 
laboratory experiments with the Y-alloy in 1930-19382, 
it was found that, even without any treatment, unsound- 
ness was rarely obtained. Unsoundness was produced 
only when virgin aluminum was deliberately treated 
with hydrogen in the molten state before being chill cast 
and employed for the preparation of the “Y”’ alloy. Ap- 
parently, therefore, commercial aluminum contains less 
hydrogen nowadays than formerly. 

The author is of the opinion that the great advances 
made on the previous practice of the production of the 
Y-alloy and of many other alloys of this class are, in 
one way or another, due to the improvement of the 
aluminum quality at least to the same extent as to other 
factors, as for instance, the improvement of the casting 
conditions themselves. 

The comments on the ZnCl, treatment may not be 
new to the majority of American readers, for I am in- 
formed that such treatment has been practised in Ameri- 
can foundries for thirty years or more. The research 
data herewith presented, however, are largely new and 
are presented for this reason. 


4. THE CASTING OF COPPER 

The commercial production of sound castings of pure 
copper offers great difficulties. It had been thought for 
some time that the reason for unsoundness, especially 
of copper sand castings, lay in the presence of sulphur 
together with oxygen leading to the evolution of sulphur 
dioxide at the solidification point. However, we now 
know that the greatest danger is the simultaneous pres- 
ence of hydrogen and oxygen (in the form of cuprous 
oxide) in the molten metal. The water vapor formed by 
reaction between these elements is evolved, together with 
the excess of hydrogen, during solidification, thus pro- 
ducing porosity in the casting. 

The means generally applied for avoiding porosity is 
the deoxidation of copper, in most cases with phosphorus. 
The oxygen then combines with the deoxidizer and can- 
not react with hydrogen. It seems that a certain amount 
of hydrogen is not objectionable i in the absence of oxygen 
for it can be maintained in a supersaturated solid solu- 





tion in the cast copper, thus preventing the production 
of unsoundness. 

But phosphorus lowers the conductivity of copper 
considerably, to a value as low as only 75% of the 
theoretical conductivity of pure copper. For many 
electro-technical purposes this conductivity is much too 
low. The decrease in the electrical conductivity of copper 
by phosphorus is far greater than would be expected 
theoretically from the amount of phosphorus in the cop- 
per. Indeed one finds in technical literature that a con- 
tent of 0.13% P lowers the electrical conductivity to 
only 72.7% of the pure copper value. By interpolation 
we should find for the content of 0.02% P technically 
used the value 95% instead of the 75% mentioned above. 

The strong influence of phosphorus upon the conduc- 
tivity must therefore be conditioned by causes other than 
its constitution alone. This conclusion is supported by 
laboratory experiments, in which the electric conduc- 
tivity and the density of small sand cast copper rods of 
28 mm. in diameter having various contents of phos- 
phorus were measured. After being measured the rods 
were cold-rolled and drawn to wire of 2 mm. in diameter 
and annealed at 600°C. for one hour. Afterwards the 
conductivity was measured again. The results are shown 
in Fig. 9. 

The conductivity in the cast condition is lower than 
in the rolled and drawn wire. Furthermore, there is a 
close relation between this difference in the conductivi- 
ties and the density of the material: the lower the den- 
sity, the greater the difference between the conductivities 
in the cast and cold-worked conditions. That sand cast 
copper deoxidized with phosphorus is far from having 
the normal density has been very often observed. It 
seems to be characteristic of phosphorus that it is not 
capable of removing minute unsoundness in copper 
though it avoids the formation of the larger holes which 
make the casting useless practically. It is very probable, 
that this low density accounts for the low values of elec- 
trical conductivity found in sand cast copper deoxidized 
with phosphorus. 

lhere are many other deoxidizers which help to pro- 
duce sand castings of copper densities which approach 
the true density. Excellent results can be obtained with 
lithium, calcium, magnesium, aluminum, and beryllium, 
having density values as high as 8.9. In view of the ve ry 
low content of these metals retained in the alloyed cop- 
per an electrical conductivity of 90-95% in the sand cast 
condition can easily be obtained, although all these 
metals lower the conductivity. But another difficulty 
appears here: all the metals, with the exception of 
beryllium, give rise to the formation of “oxide-nests” on 
the surface of the casting thus rendering it unserviceable. 

In our experiments we have not been able to overcome 
this difficulty and have therefore developed the deoxida- 
tion of copper with beryllium. 

It is a very striking feature, that the surface of the 
castings treated with beryllium is as completely satisfac- 
tory as with phosphorus, and that in spite of the close 


resemblance of the oxide of beryllium with those of 
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Teeming a Sterling Silver Ingot at the Handy & Harman Plant. 


magnesium and aluminum, the latter give poor surfaces. 
This difference in the behavior of oxides so similar as 
these has not as yet been satisfactorily explained, al- 
though it is an easy enough task to propose hypotheses. 

Fig. 10 gives the results of measurements of the con- 
ductivity and density of copper deoxidized with beryl- 
lium. The density is high. The conductivities of the 
castings and of the cold worked and annealed specimens 
differ but little. 

There are two further means for avoiding unsoundness 
in copper castings: first by superheating to about 
1400°C. and second by the addition of boron suboxide. 
This last deoxidizer has been developed in the United 
States; so far as I know it is not being applied in 
Europe. In laboratory experiments it is possible to 
obtain sound castings with good conductivity by means 
of boron suboxide, when superheating copper say to 
about 1300°C. Table 9 shows some results obtained by 
an addition of boron suboxide, and also by heating the 
metal to 1400~°C. before casting without addition. 


Table 9. Deoxidation of Copper by Superheating and by Addition of 
Boron Suboxide. 





Conductiv- 
ity (Abso- 
lute unit 
Deoxidizer Impurity 58 = 100% Heating 
(addition) Density approx.) Temperature 





Boron suboxide 1% Cu201% 8.94 50.1 low superheating 
Boron suboxide 1% Cus0O 1% 8.94 55.2 1200°C. 

Boron suboxide 1% CueS 0.5% 8.92 54 1300°C, 

Without deoxidizer Cusz0 1% 7.80 44.4 not superheated 
Without deoxidizer Cu2z0 1% 8.95 55.3 1400°C. 





The temperature required for obtaining a reaction of 
boron suboxide with the impurities in the copper speci- 
men obviously accounts for the contradictory statements 
found in technical literature concerning its usefulness. 
When copper is sufficiently superheated, boron suboxide 
is an excellent deoxidizer, one which does not alloy with 
copper and therefore does not decrease the conductivity. 
But its application requires temperature measurements 
on the molten copper, generally not an easy task; the 
question of its practicality must, furthermore, depend 
on its price. 

Superheating to about 1400°C. is also a reliable 
means to secure sound copper castings. But it obviously 
decreases crucible life, and it requires careful tempera- 
ture measurement. For these reasons and perhaps for 
others, it is not as reliable a means for treating molten 
copper as the addition of beryllium, which does not 
require superheating of the melt. 

The beryllium deoxidizer generally employed for com- 
mercial deoxidation is an alloy of 90% Cu and 10% Be. 
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This alloy is brittle enough to be broken into small pieces 
if necessary. The amount of beryllium required for com- 
plete deoxidation depends largely upon the melting con- 
ditions. It is obviously necessary to melt the copper 
most carefully so as to avoid the taking up of oxygen 
as far as possible. In two plants with which I am ac- 
quainted, the first employs an addition of 0.012% Be to 
the copper. The melting and working conditions are the 
same as when phosphorus is used as deoxidizer. The 
conductivity of copper sand castings averages about 91% 
of that for pure copper, but it sometimes reaches 95%. 
The lowest value found as yet is 87%. In the other plant 
the melts were prepared in 220 lb. crucibles; in this 
case, it has been possible to obtain good results with 
only 0.005% Be. Fig. 11 shows the statistical distribu- 
tion of the conductivity figures for 250 melts deoxidized 
by superheating (light lines) and of 97 melts with addi- 
tion of 0.005% Be (heavy lines). Experience proves 
that the superheating method is not quite reliable. If 
we require a conductivity higher than 50 units = 87% 
we see that with beryllium 100% of the castings fulfill 
this condition, while without beryllium, about 28% of 
the castings have lower values. If the limit of conduc- 
tivity will be fixed at 48 units = 83%, there will still 
be a loss of about 15%. This lack in complete reliability 
necessitates the control of every melt by measuring the 
conductivity of a sample rod. This is quite unnecessary 
in the case of beryllium-deoxidized copper. The costs 
of both processes will not be compared because the 
author’s figures are only valid for German conditions, 
but it can easily be calculated that the deoxidation with 
beryllium is somewhat cheaper than that by superheating. 
Working with beryllium is much easier since it requires 
neither temperature nor conductivity control and since 
the melting process proceeds more rapidly because of 
the lower temperature. 

It may be mentioned that the application of sinkheads 
for high conductivity sand castings in copper has proved 
to be impossible even in the presence of beryllium. When 
calculating the costs of deoxidation, it must be borne in 
mind that the output is only 35-40% and that the costs 
rise correspondingly. 

Most of the problems so far discussed are present in 
the manufacture of copper wire bar. 

The crystal structure of a copper wire bar is shown 
in Fig. 12. 

There are four distinct crystallization zones. At the 
surface of the metal mold lies a zone of fine crystal 
grains. These crystal grains show very little preferred 
orientation. With increasing distance from the surface 
of the casting there appear columnar crystals which in- 
crease in size. In this part of the casting the orientation 
is fairly uniform, the crystals show the so called trans- 
crystallization. Then, quite abruptly, there again appear 
equiaxed crystals orientated at random; these equiaxed 
crystals become larger and larger until the point is 
reached where the last of the melt solidifies. 

The first two stages of crystallization can be easily 
understood and involve no problems. The liquid metal 
poured into a metallic mold is at first quenched at its 
surface. There occurs crystal germination on a large 
scale. The crystals, germinated in a melt at a fast rate, 
do not show preferred orientation. These crystals grow 
in the direction away from the surface at different veloci- 
ties, as determined by their orientation. Those crystals 
having the greatest crystallization velocity perpendicular 
to the mold will grow the more rapidly and suppress the 
other crystals, giving rise to the zone of columnar crys- 
tals. In this zone we, therefore, have no appreciable 
crystal germination, but a considerable linear growth. 








But why is this columnar stage of crystallization in- 
terrupted by another, in which there is evidently a new 
germination? Genders explains it as follows: During the 
crystallization of the columnar part of the ingot the 
cooling rate is so high that the melt crystallizes immedi- 
ately at the contact with the growing columnar crystals; 
new germination occurs when the crystallized part of 
the ingot has become thick enough, so that the heat flow 
is lowered, and the melt, poured turbulently into the 
mold is, here and there, capable of breaking off the very 
weak ends of the growing crystallites. These breaks are 
carried away with the melt and act as crystal nuclei 
during the subsequent crystallization process. 


This is a very interesting theory, but it is based on 
a somewhat questionable assumption. The crystal par- 
ticles broken off by the melt can act as nuclei only if 
they are not again remelted by the molten metal. It is 
possible for them to remain solid only if the temperature 
of the metal at the edge of the crystals lies below the 
melting point of the metal. But its temperature is, of 
course, higher than that of the crystallizing front pro- 
ceeding into the melt. 


We must therefore conclude that the temperature of 
the ends of the growing crystal needles or skeletons is 
below the melting point. This conclusion is in contra- 
diction with the theory of linear crystal growth suggested 
by Tammann, and needs some inspection. 

If one introduces a supercooled pure organic liquid 
into a glass tube and puts a crystal nucleus therein, the 
crystallization proceeds at a velocity depending on the 
increasing rate of supercooling. Tammann obtains the 
well-known curves shown in Fig. 13. 


While such curves have been discussed as giving the 
true dependence of the linear crystal growth on tem- 
perature, Tammann has shown that this point of view 
is not correct. The heat of crystallization is evolved 
during the solidification process and the temperature of 
he erystal border where this heat is evolved is far from 
that of the previous supercooled temperature. Tammann 
concludes from the shape of curve T,T,T., especially 
from the horizontal part T,T,., that the temperature of 
the erystal border must be constant from T, to T, and 
furthermore that it must be a characteristic temperature, 
indeed the temperature of the melting point. The heat 
necessary to raise the melt up to the melting temperature, 
owing to the higher supercooling rate, is, of course, 
greater at T, than at T,. This heat is controlled by the 
number of crystals growing together at the border. While 
at T, there are still comparatively few of such needles, 
since the rest of the melt crystallizes later between the 
needles, the whole melt crystallizes practically at once 
at T,. At the lower temperatures of curve T,T,, the heat 
of crystallization is no longer sufficient to reach the 
melting point, the temperature of the crystal border 
remains below this temperature, and the linear crystal 
growth falls to far lower values. 


By calculating the heat development it can be shown 
that the constant temperature of the crystal border be- 
tween T, and T, must not of necessity be the tempera- 
ture of the point of fusion, but that it may be lower. It 
now seems certain that the temperature at the front of 
a solidifying crystal needle of many organic substances 
is far below the temperature of fusion. It is, in fact, diffi- 
cult to understand how it should be otherwise. The rate 
of linear growth is a reaction velocity and must be zero 
at the point of equilibrium, i.e., at the point of fusion. 
From the principal point of view a finite crystal growth 

can, therefore, only occur at temperatures below the 
temperature of fusion, although the amount of its devia- 
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tion from this temperature may be quite different for 
different bodies. From this point of view the conclusion 
which we have drawn is quite sound. 

But there is still another point of view with respect 
to copper ingots which may explain the occurrence of 
the zone of germination inside the columnar zone. Tech- 
nical copper generally contains cuprous oxide, and 
cuprous oxide during the solidification is being concen- 
trated in the molten liquid at the center of the ingot, 
while the primary crystals are practically pure copper. 
At the border of the primary crystals the melt must, 
therefore, gradually become richer in cuprous oxide. 
Since crystallization takes place at a very fast rate, the 
homogenization of the liquid by diffusion or convection 
currents must be incomplete, and just at the front of 
the crystal skeleton of pure copper the liquid will be 
far richer in cuprous oxide than in the center of the 
melt. The temperature at these spots will correspond to, 
say, point a, Fig. 14. In the neighborhood of the melt it 
will be higher and correspond to, say, ty. But it is pos- 
sible that the concentration of the liquid will here be 
in accordance with point c. The melt will be supercooled 
here, and the fragments of the copper crystals carried 
there by convection will not be dissolved, but will at 
once show further growth. 

This theory also explains the abrupt beginning of the 
zone of second germination behind the columnar zone. 
The amount of cuprous oxide in the melt adjacent to 
the copper crystals will increase continuously with pro- 
ceeding crystallization. The condition of germination will 
only be fulfilled if the influence of the concentration 
gradient exceeds that of the temperature gradient. 

Hence we see that all the peculiarities inherent in the 
crystal structure of a copper wire bar may be understood. 
But if we try to discriminate between different possible 
causes and to estimate their influence, we fail. This 
failure has a general reason which is characteristic of 
much research in physical metallurgy. In discussing the 
different problems of casting we have seen, in connec- 
tion with almost any question, that we must confine our- 
selves to a purely qualitative treatment. Thus, so far as 
our theories remain qualitative, it is very difficult to 
choose between different possible explanations. For this 
reason many theories of physical metallurgy are as yet 
quite uncertain and we may not be surprised that physi- 
cists in general do not like to deal with metallographic 
questions; the development of quantitative theories with 
the help of exact measurements is of fundamental im- 
portance for further advances in physical metallurgy. 
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INTRODUCTION 


Thorium was discovered by Berzelius 
early in the 19th century, but to-day it 
is still considered a rare element about 
which little is known. The only com- 
mercial sources of thorium are monazite 
sands containing from 2 to 10% thorium 
oxide, and the supply of these sands is 
limited. For many years interest in thor- 
ium or its compounds was confined to 
the oxide which was used in incandescent 
gas mantles. The high melting point and 
refractory properties of purified thorium 
oxide led to the use of this material, par- 
ticularly in the fused form, in the prepa- 
ration of small refractory shapes for 
laboratory investigations at high tem- 
peratures.1? 89 The presence of small 
amounts of thorium in metallic tungsten 
has been shown to be desirable in the 


Some Physical P 


Commercial Thorium 


by J. G. Thompson’ ™ 


ETERMINATION of 

some of the physical 
properties of thorium, pre- 
pared by electrolytic and cal- 
cium-reduction processes, was 
undertaken. Serious difficul- 
ties were encountered in a 
number of attempts to deter- 
mine the melting point. The 
results of the melting point 
determinations were not sat- 
isfactory but indicate that the 
generally accepted value for 
the melting point of thorium 
may be high. Crystal struc- 
ture, density, hardness, elec- 
trical resistivity, thermal ex- 
pansion and thermal e.m.f. 
against platinum were deter- 
mined for one or both kinds 





roperties oO 


the Westinghouse Lamp Company. The 
samples were used for the determination 
of different properties but, owing to the 
limited amount of material available, it 
was not always possible to use both 
electrolytic and calcium-reduced metal 
for determination of the same physical 
property. All of the various specimens 
were used as received. 

Purity of 99.7 or 99.8%, after heat 
treatment, has been claimed*® for thor- 
ium produced by the calcium-reduction 
process; Fe was reported never to ex- 
ceed 0.1%, Si was not determinable, and 
the presence of C could not be estab- 
lished by the usual analytical procedures. 
Purity comparable with that of the cal- 
cium-reduced material has been claimed*® 
for the product of an electrolytic pro- 
cess, the impurities in the electrolytic 


production of lamp filaments as the thor- 
ium tungsten alloy is less susceptible to 
grain growth during heat treatment than 
is pure tungsten.°° The presence of thor- 
ium increases the electron emission of 
tungsten, consequently thorium alloys have been used in X-ray 
and radio tubes.’* 1% 27 Other uses for thorium or its com- 
pounds have been proposed** 1% 2% 33 but none of these minor 
uses appear to have commercial significance at present. 

The use of alloys of thorium stimulated interest in the metal 
itself. Although a number of methods for the production of 
metallic thorium or its alloys have been proposed,* *# 5 15, 15 
23, 24, 27, 38 it is believed that recent production of thorium has 
been accomplished either by the calcium-reduction method*® 17 
22 or by electrolytic methods such as that of Driggs and 
Lilliendahl.*® 4% 41 

Scattered information concerning the properties of metallic 
thorium is found in the literature,® 1% 15. 21, 25, 27, 28, 34 with 
particular attention devoted to discussion of the possible super- 
conductivity of thorium.2® 2% 82 35 87 Values for the ordinary 
physical properties, as reported by different observers, are not 
always in good agreement, in particular there is considerable 
uncertainty regarding the melting point. The Bureau of Stand- 
ards therefore undertook to determine the melting point and 
certain other physical properties of commercial thorium. 


MATERIAL FOR THE INVESTIGATION 


Calcium-reduced thorium in the form of powdered metal 
and rods or wires 10, 5, 1 and 0.4 mm. in diameter, was supplied 
by the Westinghouse Lamp Company of Bloomfield, N. J., and 
electrolytic thorium in the form of 1 mm. and 0.4 mm. wire, 
a fused button, and powdered metal was supplied by the 
Kemet Laboratories Company, Inc., of Cleveland, Ohio. Sub- 
sequently, when additional material was needed, 10 mm. rods of 
both calcium-reduced and electrolytic metal were supplied by 


+Publication Approved by the Director of the Bureau of Standards of 
the U. S. Department of Commerce. 

*Metallurgist, U. S. Bureau of Standards. 

**With the codperation of various members of the Bureau Staff, as 
indicated in the text. 
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metal being reported as C 0.005%, Si 
0.01% and Fe 0.005%. Details of the 
electrolytic process used by the Kemet 
Laboratories Company are not available, 
but it was reported by the maker that 
the powder, from which some of the specimens for this investi 
gation were compacted, contained 99.7% Th with 0.02% Fe 
and 0.06% Na present as impurities. 

Owing to the limited amount of material available, systematic 
analysis of all the samples was not possible. A single chemica! 
analysis of one of the 10 mm. rods of calcium-reduced meta! 
indicated that 0.055% C, 0.02% Si, 0.058% Fe, 0.078% Ca, and 
a trace of Al were present. Na, Ti and V were not detected 
Spectrochemical analysis indicated the presence, in the electro- 
lytic metal, of Ca, Co, W and Mo and further indicated varia 
tions between different specimens of calcium-reduced metal, 
particularly in the Ca content. 

It is not possible, therefore, to state definitely the purity of 
either the calcium-reduced or the electrolytic metal used in this 
investigation. Spectrochemical analyses and the fact that wires 
of calcium-reduced metal were decidedly brittle in comparison 
with wires of electrolytic metal, suggested a difference in com- 
position between the 2 types of metal. The erratic behavior of 
a number of specimens in the subsequent determination of 
properties seemed to confirm this and in addition to indicate 
non-uniformity of specimens, particularly of calcium-reduced 
metal. However, it was considered that the specimens repre- 
sented commercially available material and the determination 
of properties was undertaken on this basis. 


PROPERTIES OF THORIUM 


1. Melting point.*** Widely divergent values for the melting 
point of thorium are found in the literature. The International 
Critical Tables’? record a value of 1845° C., without reference 
to the work from which this value was derived. Marden and 
Rentschler*® reported 1842° C. + 30° as the average value for 
the melting point of calcium-reduced thorium and cited values 





***By Wm. H. Swanger, H. T. Wensel, F. R. Caldwell and J. 
S. Acken. 
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of 1450°C.1 and 1745° C.? reported 
by previous investigators. The melting 
point of thorium is listed as above 
1700° C. in one of the current hand- 
books.!8 Values of 1450° and 1500° C. 
also have been observed* although 
there was some question on the part 
of the observer as to the accuracy 
of the methods employed. The deter- 
mination of the melting point of thor- 
ium is rendered more difficult by the 
tendency of the metal to react with 
many refractory materials and with 
elements such as C, O and N.15 

In the present investigation some 
preliminary attempts to melt thorium 
in an Arsem furnace were not suc- 
cessful. In one experiment, with rapid 
heating, a melting point of about 
1690° C. was indicated but there was 
no arrest on the subsequent cooling 
curve. In another run, with slower 
heating, there was no arrest during 
either heating or cooling. Additional 
attempts to melt thorium in vacuo 
in alumina crucibles, or supported on 
alumina blocks, likewise were not 
successful. The failure of these ex- 
periments can be ascribed to the 
tendency of hot thorium to react with 
C, Al,O,g and O, as reported by 
Marden and Rentschler. 


An attempt was made to melt a 
small ingot immersed in barium chlor- 
ide to prevent oxidation of the thor- 
ium during heating. The tip of a 
platinum to platinum-rhodium ther- 
mocouple, in a porcelain protection 
ube, was immersed in the barium 
hloride bath close to the thorium 
ngot. The temperature of the bath 
was raised until the platinum wire 
of the thermocouple melted. The ingot 
did not melt but was appreciably cor- 
roded by this exposure to barium 
hloride at a temperature in excess 
»f 1750° C. 

Attempts were made to melt small 
pieces of calcium-reduced thorium 
supported on a_ platinum ribbon 
which was heated by the passage of 
an electric current. The pressure in 
the apparatus was reduced to less 
than 0.001 mm. before heating was 
started, to avoid oxidation of the 
thorium. When the temperature of 
the ribbon had been raised to about 
1400° C. the thorium and platinum 
alloyed to form a small molten drop 
which penetrated the ribbon. Subse- 
quently it was found that the tem- 
perature of formation of this molten 
alloy depended upon the rate of heat- 
ing. With slow heating the molten 
alloy formed at temperatures appre- 
ciably below 1400° C. These experi- 
ments further indicate the reaction 
tendencies of hot thorium. 


Attempts to determine the emis- 
sivity of thorium by sighting a pyrom- 
eter alternately on the thorium and 
on the platinum strip yielded such 
varying results that a definite value 
for the emissivity could not be as- 
signed. 

In the next experiments pieces of 


> . . . 
c Private communication from te e 
ooper of the Kemet Laboratories, Inc. 





wire 1 mm. in diameter and approxi- 
mately 7 cm. in length were suspend- 
ed between water cooled clamps in an 
evacuated glass globe. The wires were 
heated by the passage of an electric 
current, and temperature observations 
were made by sighting an optical 
pyrometer into a hole 0.15 mm. in 
diameter, drilled radially in the wire 
to a depth of 0.5 mm. Attempts to 
determine emissivity by simultaneous 
observations in the hole and on the 
surface of the wire again yielded 
widely variant results. With such 
shallow holes, even of small diameter, 
only approximate black body con- 
ditions can be obtained and in the 
absence of emissivity data the ob 
served temperatures cannot be cor 
rected to true temperatures. How- 
ever, it is believed that the emissivity 
correction under these conditions 
probably would not exceed 20° or 
ae ¢:. 





Fig. 1. Thorium melted in a thorium oxide 
crucible. Dark areas on the light background 
are thorium which has diffused into thorium 
oxide. The light areas on the dark background 
represent diffusion of oxide into the metal. 
Unetched. Magnification 100X. 








Various experimental difficulties 
were encountered in several runs, 
particularly if slow rates of heating 
were employed. Some of the wires 
swelled during heating, sometimes to 
such an extent that the sight hole 
was closed. Other samples developed 
hot spots and melted through at 
points removed from the sight hole. 
However, in approximately half of the 
runs, operations proceeded in a nor 
mal manner and at least one reading 
was obtained while the sight hole was 
filling with molten metal. These 
“good” runs yielded quite consistent 
results; 1712°, 1723°, 1733° and 1739° 
C. for calcium-reduced thorium and 
1695°, 1672° and 1685° C. for elec- 
trolytic metal. The last value, 1685° 
C., is an average of 4 readings (from 
1680° to 1695° C.) obtained while 
melting was visible in the sight hole. 

Attention next was turned to the 
possibility of using specimens larger 
than the 1 mm. wires for the melting 
point determination. Marden and 
Rentschler reported that thorium 
could be melted without contamina- 
tion in slip cast crucibles of thorium 
oxide. Consequently, thorium oxide 
was chosen as the refractory for the 
present investigation and crucibles 
were constructed according to the 
method of Swanger and Caldwell.*® 
Samples 15 mm. long were cut from 
the 10 mm. rods of thorium and a 2.5 
mm. sight hole was drilled axially in 
each specimen for approximately 2/3 
its length. Each sample, in a thorium 
oxide crucible, was heated in vacuo 
by high frequency induced currents. 
This method and arrangement of ap- 
paratus have been used successfully 
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in determining melting points above 1500° C., e.g., the melting 
point of rhodium.*! 

Numerous difficulties were encountered in these melting 
point determinations by the crucible method. A specimen of 
metallic thorium once melted in a pressed thoria crucible, could 
not be remelted below 2000° C. This suggested contamination 
of the melt by the refractory material and this suspicion was 
confirmed by microscopic examination after an ingot, pre- 
viously melted, was reheated to about 2000° C. in an attempt 
to remelt the metal. It was found that enough metal had pene- 
trated into the crucible wall to impart distinct metallic appear- 
ance and properties to the oxide crucible. The results of 
microscopic examination of a section through the crucible wall 
and ingot, given in Fig. 1, show that the 
metal penetrated into the crucible and, in 
turn, the metal was contaminated by oxide, 
presumably from the crucible. Apparently 
metallic thorium dissolves thorium oxide to 
a considerable extent at temperatures near 
the melting point of the metal. Cooling 
curves or redeterminations on a single spe- 
cimen, therefore, could not be made. A sin- 
gle heating curve for each specimen was the 
best that could be obtained. 

Difficulty was also encountered in the 
tendency of the melts to pick up C from 
oil vapor diffused back from the vacuum 
pump. The pronounced odor of the early 
melts indicated the pick-up of C and chemi- 
cal analysis of one of the fused buttons 
showed 0.11% C present, in place of the 
original 0.06%. However, the installation of 
a mercury diffusion pump and a liquid 
air trap between the melting chamber and 
the oil-sealed vacuum pump eliminated this 
contamination by C vapors. 

Variations in the pressure within the 
melting chamber during heating indicated 
liberation of gas either from the metallic 
specimen or from the furnace tube and 
refractories. Consequently the furnace and 
contents were preheated at approximately 
800° C., by means of a resistance furnace, until the furnace 
pressure dropped to 0.001 mm. or less. The resistance furnace 
was then replaced by a high frequency coil and heating by 
induction was begun. 

In spite of all precautions it was necessary to discard the 
results of a number of runs, on account of difficulties resulting 
from the evolution of gases or metal vapors from the samples 
at temperatures below the melting point, or from the swelling 
and puffing of certain samples, which was sometimes so pro- 
nounced that the sight hole was closed or distorted so that 
observations could no longer be made. The evolution of gas 
or vapor within the ingot at temperatures below the melting 
point of thorium is illustrated by the section of an ingot of 
electrolytic thorium shown in Fig. 2. The swelling was suffi- 
cient to distort the top of the ingot from the original flat 
surface to the condition shown. The remains of the sight hole, 
visible at the center of the top of the ingot, show that the 
metal had barely reached the melting point. This swelling and 
puffing, particularly noticeable in the case of the calcium- 
reduced material, may be associated with the C content of the 
metal, as Marden and Rentschler?® reported that the presence 
of carbide caused difficulty when the metal was heat-treated, 
“a puffing and splattering takes place, spoiling the contour of 
the sample and making it quite unsatisfactory for mechanical 
working.” Another possible explanation is that Ca -vapor was 
evolved from and throughout the metal at temperatures near 
the melting point and that this caused or contributed to the 
puffing and distortion of the specimens. The presence of vapors 
in the furnace tube was definitely observed in a number of 
runs, and in some cases were so dense that pyrometer readings, 
at temperatures approaching the melting point, could not be 
obtained at. all. 


Occasionally a determination proceeded in an orthodox man- 
ner so that it was possible to obtain a reading while the sight 
hole was filling with molten metal. Two such runs yielded 
values of 1697° and 1687° C. for electrolytic thorium and 4 
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Fig. 2. Metallic Thorium distorted by 
gas evolution at temperatures below 
1700° C, Magnification 3X. 





runs on calcium-reduced metal yielded values of 1734°, 1726°, 
1720° and 1700° C. 

Several attempts were made to avoid the interference by 
evolved vapors through the use of a covered crucible of thoria, 
sighting into a small thoria tube which passed vertically 
through the center of the metal specimen. This type of crucible 
is not intended for use with small metallic samples where the 
thermal capacity of the metal is small in proportion to that 
of the crucible and sight tube and in most of these experiments 
there was no interruption in the heating curve to indicate a 
melting point. However, one run yielded a value of 1746° C. 
for calcium-reduced metal. 

These experiments exhausted the original supply of metallic 
thorium. Subsequently, the Westinghouse 
Lamp Company furnished additional ma- 
terial, in the form of 10 mm. rods, of both 
electrolytic and calcium-reduced metal. By 
the time these additional specimens of metal 
were received, a supply of beryllium oxide 
had become available and this refractory 
was used thereafter instead of thorium 
oxide. The examination of crucible and con- 
tents after a melt of thorium in beryllium 
oxide indicated that there was little or no 
reaction between crucible and metal. The 
metallic ingot could be separated readily 
from the crucible; a thin, dark-colored skin 
which usually adhered to the beryllium oxide 
was the only visible evidence of any action 
between metal and refractory. 

Four determinations on electrolytic thor- 
ium, in beryllium oxide crucibles, sighting 
into a small hole drilled in the metal speci- 
men, yielded values of 1651°, 1670°, 1670° 
and 1673° C. Swelling and puffing of the 
ingots occurred but not to an extent great 
enough to prevent observations. No satis- 
factory determinations could be obtained on 
the new specimens of calcium-reduced metal. 
Spectrochemical analysis indicated the same 
general order of purity, with somewhat in- 
creased Ca content, as compared with the 
original specimens. The micro-structure of the new material is 
shown in Fig. 3, the different constituents being identified from 
the descriptions of Davenport.?4 With this new material, how- 
ever, vapor evolution was worse than before and fogging ot! 
the furnace tube was so severe that no determinations with an 
open crucible were possible. The use of covered crucibles was 
attempted but was unsuccessful. 


A reliable value for the melting point of either electrolytic, 
or calcium-reduced thorium cannot be derived from these ex- 
periments. The experiments clearly showed that metallic thor- 
ium and thorium oxide react readily at temperatures near the 
melting point of thorium, and further showed that the presence 
of thorium oxide in metallic thorium raises the melting point. 
These experiments indicate that metallic thorium cannot be 
melted in contact with thorium oxide, without contaminating 
the metal and that subsequent determination of the melting 
point of this cohtaminated metal would yield results higher 
than the true melting point of metallic thorium. 


In view of the experimental difficulties the results of any 
one determination, or of any one method, cannot be accepted 
as reliable. However, it may be more than a coincidence that 
the “best” runs, by several different methods, indicate melting 
points of approximately 1680° and 1730° C. for the electrolytic 
and calcium-reduced metals respectively. Higher values were 
obtained only when the melts were contaminated. The single 
exception was the run in which thorium was heated, to the melt- 
ing point of platinum, (1773° C.), in a bath of barium chloride 
and in this run the thorium was severely corroded. These low 
melting points for thorium, as compared to the accepted value 
of 1845° C.,12 15 might be due to the presence of impurities 
which lowered the melting point of the Bureau’s samples, al- 
though these samples were considered to be relatively pure. 
Another possibility is that the melting point of 1845° C. was 
obtained on material which contained some thorium oxide. 
Redetermination of the melting point of metallic thorium ap- 
pears to be desirable with particular emphasis resting on 
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Calcium-reduced Thorium 


Electrolytic Thorium 


Fig. 3. Constituents present in Commercial Metallic Thorium. Unetched. Magnification 1200X. A—Carbide, B—Oxide, C—Orange colored constituent, 
D—Void, E—Thorium - thorium carbide eutectic. 


purity and uniformity of specimen material and on the main- 
tenance of purity during the melting point determination. 


Density.* The density of the specimens of metallic thorium 
ranged from 11.1 to 11.49 g./ec. depending upon the previous 
treatment of the specimen. The density of a 10 mm. diameter 
rod of calcium-reduced metal, sintered and swaged, was 11.32 
g./ec. at 25°C. A small button of fused electrolytic thorium 
had a density of 11.1 g./ec., but the density of a sample of 
| mm. diameter wire of the same material was 11.49 g./cc. at 
25°C. These results are in substantial agreement with those of 
previous investigators.12 15 21 

The computed density, as calculated from the X-ray crystal 
structure of thorium discussed in the following section, is 11.61 
g./ce. 

Crystal structure.** The crystal structure of thorium was 
reported by Bohlin® to be face-centered cubic with a lattice 
parameter of 5.12 A.U. Subsequently Hull’? reported 5.04 A.U. 
for the lattice parameter. 


In the present investigation X-ray determinations were made 
on both powdered and solid metal. Thorium is highly absorbent 
to X-rays, as indicated by its high atomic number. Conse- 
quently, the powder specimens were diluted with 10 parts of 
flour, according to the method of Davey.® Tubes of lead free 
soft glass, about 0.5 mm. in diameter, were half filled with 
the mixtures of metal and flour, the mixture was covered with 
a small plug of cotton and the remainder of the tube was filled 
with 200 mesh sodium chloride. Patterns of thorium and sodium 
chloride were thus obtained side by side on a film, the sodium 
chloride bands serving as a means of correcting the thorium 
spacings for errors arising in locating the zero image and also 
correcting for dimensional changes in the film. In the first 
experiments the tubes containing the flour and metal powder 
were carefully evacuated before submitting to the X-rays. It 
was found that evacuation of the tubes did not affect the X-ray 
pattern, and consequently was unnecessary. In addition to the 
powdered metal specimens, some determinations were made on 
solid metal, by the “reflection” method. 

The 3 best films for the calcium-reduced metal yielded re- 
sults as follows: 


Film No. Lattice Parameter 
145a 5.089 A.U. + 0.006 
168 5.091 A.U. + .003 
154 5.092 A.U. + .002 
most probable value — 5.091 A.U. + .004 


Calcium-reduced thorium was used in all 8 experiments, 
powdered metal in films 145a and 168, solid metal in 154. In 
145a, the tube containing the specimen was evacuated, in 168 
the tube was at atmospheric pressure. In both cases the metal 
powder was diluted with 10 parts of flour. In 168 a mixture 
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of 1 part sodium chloride and 1 part flour was used, in 145a 
sodium chloride alone was used. 

Several films obtained from specimens of electrolytic thorium 
yielded results almost identical with the results for calcium- 
reduced metal. 


Hardness.+ Hardness determinations were made on cross- 
sections of a 10 mm. rod of sintered and swaged calcium- 
reduced metal. The results for this metal, as received, were 
as follows: 


Scleroscope (average of 5 readings) 28 
Baby Brinell—6.4 kg. load; 7 in. ball; 30 sec. 





(average of 2 impressions) 78 
Rockwell “B” (average of 4 impressions) 43 


The latter value is considerably lower than the Rockwell “B” 
values of 70 or more previously reported,'® 2! for cold-worked 
thorium. 

The same specimen was heated for 15 minutes at 700° to 
800°C. in vacuum and a decrease in hardness resulted as 
follows: 


= 


Scleroscope (5 readings) 25 
3aby Brinell 


Rockwell “B” (3 readings) y 


~1t 


sf) 
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Electrical resistivity.{ Marden and Rentschler!® reported 
that the resistivity of calcitum-reduced thorium at 20°C. varied 
from 13 to 18x 10-®° ohm-cm. depending upon the diameter of 
the wire and the amount of working. In the present investiga- 
tion the resistivity of a sample of electrolytic thorium was 
found to be 18.6x 10-® ohm-cm. at 20°C. This determination 
was made on 1 mm. diameter wire, previously referred to as 
the specimen which exhibited the greatest density. 

The average temperature coefficient of electrical resistance, 


Rt - Ro : ; , 
—————-, was determined for electrolytic thorium. The funda- 


tR, 
mental coefficient, for the range 0° to 100°C., was 0.0038. The 
coefficient for the temperature range —183° to 0°C., was 
0.0036. 


Attempts to determine the resistivity and the temperature 
coefficient of resistance of calcium-reduced thorium wires 
yielded erratic results apparently on account of the physical 
structure of these wires which were noticeably brittle and 
non-homogeneous. Marden and Rentschler'* reported values 
of 0.0021 between 0° and 1730°C. and 0.0034 between 22° and 
135°C., for calcium-reduced metal. 


Linear Thermal Expansion.** Rentschler and Marden in a 
preliminary announcement,!° reported the average coefficient 
of linear expansion of thorium, between 0° and 100°C., as 
12.3 x 10-® and in a later paper’ as 0.000117. The latter value 
was perhaps intended for 11.7 x 10-°. 


tBy F. Wenner, A. R. Lindberg & F. R. Caldwell. 
**By Peter Hidnert & W. T. Sweeney. 
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In the present work the coefficients of linear expansion of 
calcium-reduced thorium, in the form of a 5 mm. diameter 
swaged rod, were determined for several temperature ranges, 
as recorded in Table 1. 


Table 1. Thermal Expansion of Calcium-Reduced Thorium 





Average Coefficient 
Temperature Range of Expansion/°C. 


"S. x 


10—6 
20 - 60 11.1 
60 - 100 11.4 
20 - 100 11.3 
100 - 200 11.9 
20 - 200 11.6 
200 - 300 13.1 
20 - 300 12.1 


Thermal Electromotive Force against Platinum.** The ther- 
mal e.m.f. of wires of calcium-reduced thorium, against the 
Bureau’s platinum standard No. 27, was determined for tem- 
peratures between 0° and 1300°C. The cold junction of the 
couple was maintained at zero, the hot junction was main- 
tained in a vacuum (at a pressure of 0.001 mm. of mercury). 
In the case of one specimen the hot junction was carried 
through a number of successive heating and cooling stages, 
from room temperature to 1200° to 350° to 1200° to 350° to 
1350°C. Determinations of thermal e.m.f. were made at con- 
venient intervals throughout this program, the results being 
plotted as an e.m.f.-temperature curve. The fact that all of 
the observations fell within 0.05 millivolts of the curve indi- 
cates the thermal stability of the specimen. Values for the 
thermal e.m.f. at even temperature intervals, taken from the 
plotted curve, are presented in Table 2. 


Table 2. Thermal e. m. f. of Calcium-Reduced Thorium against Platinum 


Temperature E.m.f. 


Temperature E.m.f. 

“s. mv "=. my 
0 0.00 700 —(.21 
100 — 13 800 + .22 
200 — .26 900 + .87 
300 = 60 1000 -+1.73 
400 — .50 1100 +2.80 
500 — .53 1200 +-4.04 
600 — .45 1300 +5.42 


The sign indicates the direction in which the current will 
flow at the cold junction, i.e., if the e.m.f. is positive the cur- 
rent at the cold junction will flow from the thorium to the 
platinum. 


Summary 


The values obtained for certain physical properties of thor- 
ium are summarized in Table 3. In this table, the absence of 
any explanatory symbol indicates that the value applies to both 
calcium-reduced and electrolytic metal. The symbol (Ca) means 
that the indicated value refers only to calcium-reduced metal; 
similarly, (El) refers to electrolytic metal. 

The results of the melting point determinations were not 
satisfactory. The most consistent results were obtained by a 
wire method, the accuracy and reliability of which are not 
known. In attempts to employ a crucible method, difficulties 

Table 3. Summary of Physical Properties of Thorium 











Melting point Determinations 
unsatisfactory 
Lattice parameter 5.091 A.U. +.004 
Density, g./cc. 11.1 to 11.49 
Density, calculated from lattice parame- 
ter, g./cc. 11.61 
Hardness (Ca) 
Scleroscope 28-25 
Baby Brinell 78-74 
Rockwell B 43-29 
Electrical resistivity at 20°C., ohm-cm. 
(El) 18.6 x 10-6 
Temperature coefficient of electrical re- 
sistance/°C. (El) 
0° to 100°C. 0.0038 
—183° to 0°C. .0036 
Coefficient of linear thermal expansion 
(Ca) 
20° to 60°C. 11.1 x 10-6 
20° to 300°C. 12.1 x 10-6 
Thermal e.m.f. vs. Pt, Millivolts, (Ca) 100°C. —0.13 
300 — .40 
500 — .53 
700 — .21 
900 + .87 
1100 + 2.80 
+5.42 





**By H. T. Wensel & Wm. F. Roeser. 
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resulted from the tendency of hot thorium to react with some 
of the crucible materials; from the evolution of metal vapors 
from the hot thorium, particularly from the calcium-reduced 
metal, at temperatures approaching the melting point; and 
from the varying behavior of supposedly duplicate specimens. 
However, the results obtained indicate that the accepted value 
of 1845°C. for the melting point of thorium may be high and 
should be confirmed by additional determinations. 

The remaining properties in general are in substantial agree- 
ment with such previously reported results as are available. 
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"THE utility of the equipment and method 
described in this article are apparent. 
The conclusions drawn from the applica- 
tion of the method to the iron-oxygen sys- 
tem deserve thoughtful consideration, but 
further work will be required for a com- 
plete solution of the problem. 

Since the authors found that oxide inclu- 
sions grew larger on heating, the smaller 
ones “amalgamating” with the larger ones, 
and since this would probably occur though 
solution of oxide from small particles and 
precipitation, from the solution, upon larger 
particles, their conclusion as to insolubility 
of oxide does not appear to be necessarily 
borne out by their own experiments. The 
hypothesis of bodily migration of insoluble 
particles needs definite proof of each par- 
ticular instance before its acceptance. 

Hence the suggested modifications of the 
Fe-O diagram, and the conclusion that oxy- 
gen does not enter into precipitation hard- 
ening phenomena in iron, should still be 
considered as tentative, till more evidence 
is available. 











The usual methods for the determination of the changes 
(allotropic transformations, solubility- and decomposition- 
phenomena), which take place in metals and alloys on change 
of temperature are chiefly based on observations of the tem- 
perature-coefficient of certain physical properties. The first 
attempt to observe such phenomena directly in the microscope 
was made by P. Oberhoffer.1 In his apparatus the section be- 
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Fig. 1. Apparatus for Metallographic Investigation at High 
Temperatures. 


came covered by a thin film (perhaps oxide), so that observa- 
tion at high temperatures was not possible. 

An apparatus which permits the metallographic examination 
of sections up to temperatures of about 1100°C. in a compara- 
tively simple way, is described below. Since the heating of the 
specimen takes place in a vacuum (0.0001 mm. Hg), the surface 
structure of the section remains clearly visible even at high 
temperatures. A magnification of 200-300 can be reached. 
With this apparatus the following reactions were observed: 


The q-y-transformation of pure iron. 
. The transformation of cobalt at 425°C. 
The solution of pearlite and secondary cementite in pure medium and 
high-carbon steels, 

he austenite-martensite decomposition of quenched steel with 2% 
_ Mn and 2% C on tempering. 


> wry 





5. The formation of free carbon in white pig-iron on annealing. 

. The apparatus. 

: The vacuum mounting for metallographic investigations at 
e high temperatures is shown in section in Fig. 1. The upper 
n Bigs tanslated and adapted by the authors from the article in Stah! und 


sen, Vol. 53, May 18, 1933, pages 532-535. 


at High Temperatures 


Metal Microscopy 


The lIron-Carbon Diagram and the Solubility 
of Oxygen in Solid Iron 


By Hans Esser and Heinz Cornelius 


part (A) contains the furnace. The space in the oven, which 
contains the heating coil (G) made of tungsten wire, is turned 
out of the machinable refractory (E) (Material D4 of the 
Staatliche Porzellanmanufaktur Berlin); this is surrounded by 
a sheet (F). Two springs are cut into the sheet, one to hold 
the heating apparatus tightly against the upper part, and the 
other to hold the refractory tightly against the sheet. The heat- 





Fig. 2. Apparatus on Microscope with the 
Leica Camera. 


ing current passes through insulated terminals (H). The water- 
cooling leads are shown at (C). 

The lower part (B) holds the specimen (P), which rests on 
the heat-insulating ring (R), made from material D 4, resting 
on the quartzplate (L). The polished section of the sample 
can be examined through the quartzplate with the objective 
(N). The quartzplate is held in the casing with the nut (M) 
and sealed with a rubber ring. The welded point of a thermo- 
couple (K) lies in a hole in the specimen. A considerable tem- 
perature gradient exists in the specimen. In this apparatus, an 
excellent vacuum is absolutely essential. It was obtained by an 
oil pump as a first stage and a two step mercury-vapor pump 
(connected at [D]). 

Fig. 2 shows the apparatus in the microscope and the “Leica” 
camera, which was used in this work. It is possible with the 
“Leica” to take about 15 pictures per minute, and this camera 
is a good substitute for a movie. The auxiliary optical appa- 
ratus is so arranged, that the focusing for taking a photograph 
is done by focusing during visual observation. 
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Fig. 3. First Heating above Ac;. Fig. 4. After Cooling below Ars, Fig. 5. Second Heating above Acs. 


Figs. 3-5. Change of an unetched section of pure iron by the alpha/gamma transformation (Magnification 200X). 


Results. 


a-y transformation in pure iron: 
The metallographic examination at high temperatures was car- 
ried out on specimens of carbonyl iron, containing traces of 
carbon. It was possible to observe on the first heating somewhat 
below Acg on the unetched surface the development of a net- 
work of a-iron crystal boundaries (Fig. 15). If on further 
heating the a—y transformation temperature was passed, 
then a new network of y-iron crystals appeared and the boun- 
daries of a-iron 
became slowly 
fainter. The ap 
pearance of the 
y-network is ac- 
companied by a 
roughening of 
the surface, 
which can be 
ascribed to the 
change of vol- 
ume during the 
transformation 
(Fig. 3). The 
observation of 
Rogers,” that 
the transforma- 


Fig. 6. After heating above the transfor- 
mation temperature. 


tion takes place Figs. 6-7. The Transformation in Cobalt (Unetched Section, Magnification 200X). 


in waves, start- 

ing from _ sev- 

eral points, could not be confirmed. On cooling through the 
y-a transformation point a third crystal network appeared, 
which is connected with the re-formation of a-iron. This third 
network is sometimes concealed by the formation of a strong 
surface relief. (Fig. 4.) On heating and cooling once, the sec- 
tion shows a triple network, unless the relief is too strong. 
Fig. 5, after a second heating above Acs, shows the same 
section as Fig. 4. 


Transformation of Cobalt at 425°C. 


The transformation of the hexagonal cobalt into the cubic 
body centered form at 425°C. shows itself by a small relief 
formation on the unetched surface (Fig. 6). On heating to 





higher temperatures the grain boundaries slowly appear from 
about 650° upwards. If the transformation point is passed on 
cooling, then a needle-shaped relief (slip bands?) is only 
formed in some crystals (Fig. 7). 


Transformation and solubility phenomena 
in iron-carbon alloys. 


The metallographic examination of carbon steels at high tem- 
peratures was carried out on lightly etched sections (1% alco- 
holic HNQOs). 
The following 
changes were 
shown by steels 
with a carbon 
content below 
0.9%: On reach- 
ing Ac,,_ the 
color of the 
pearlite, which 
had been ob- 
tained on etch- 
ing at room 
temperature 
(Fig. 8), disap- 
peared (Fig. 9). 
The cause of 
this probably 
liés in the solu 
tion of the ce 
mentite of the pearlite, whose relief, obtained by etching is 
responsible for the apparent coloring of the pearlite. Slightly) 
above Ac, the former islands of the eutectoid were still dis- 
tinguishable from the ferrite on account of their coarse surface 
structure. With the completion of the a-y transformation on 
further heating, this difference became more and more faint 
(Fig. 10). 


Fig. 7. After heating up to 1000°C. and cool- 
ing below the transformation temperature. 


The formation of pearlite on cooling showed itself by a 
darkening of the corresponding parts of the section, owing to 
the relief formation during the transformation. 

The transformation of steels of about eutectoid composition 
took place in a small temperature range with the same appear- 





Fig. 8. Etched at room temperature. Fig. 9. Slightly above Ac; Transformation. Fig. 10. Heated at about 800°C. 


Figures 8-10. Change of structure on heating a steel with 0.5% C. (Magnification 200X). 


METALS & ALLOYS 
Page 120—Vol. 4 

















: 


F. 


Fig. 11. Etched at room temperature. 


Fig. 12. Heated up to about 800°C. 


Fig. 13. Heated to about 1000°C. (Cementite has been 
dissolved; formation of gamma grain boundaries). 


Figures 11-13. Change of structure on heating a steel with 1.5% C (Magnification 200X). 


ances, as have been described for the transformation of the 
pearlite of steels with less than 0.9% C. 

With steels above eutectoid composition, it was possible to 
follow the solution of the cementite in the temperature range 
between the lines SK and SE of the iron-carbon diagram as 
well as the transformation of the pearlite and the formation 
of the y-grain boundaries above SE (Figs. 11, 12 and 13). 
The pearlite islands, forming on cooling, often showed straight 
boundaries, which, as was shown by further etching of the 


cooled section, were caused by cementite, which partly sepa- 
rated in needle shaped form. 


Decomposition of austenite in quenched 
Mn-steel on tempering. 

In a Mn-Steel (2% C; 2%Mn), quenched from 1100°C. in 
water, the decomposition of austenite was observed on tem- 
pering. Hanemann and Wiester3 have shown, that the trans- 
‘ormation of austenite — martensite in carbon steels on quench- 
ing takes place with great speed. On the other hand, the 
decomposition of austenite in the Mn-steel investigated took 
lace very slowly. The formation of martensite on tempering 
was recognizable by the formation of a needle shaped relief 
m the carefully polished surface, due to the decomposition 
of the austenite. 


Formation of free carbon in white pig iron. 

Finally, we will describe the formation of free carbon on 
heating white pig-iron, containing 3.8% C and 0.97% Si. This 
formation of free carbon began above 800°C. first within the 
‘iedeburite eutectic and was recognizable by the appearance of 
mall black points in the section. On raising the temperature 
to about 1100°C., these points increased in size at first slowly 
ind then very quickly, until after reaching a certain size, they 
did not grow any further. After the conclusion of the carbide 
decomposition, the free carbon occupied more space on the 
section, than would be expected from the carbon content of 
the sample. ‘This phenomenon may perhaps be explained by 
the fact that the pressure, caused by the formation of free 
carbon from cementite, is larger in the interior than on the 
surface of the sample. It is thus possible for the decomposition 
to take place with greater velocity on the surface. Owing 
to the rapid decrease in the quantity of carbide in the surface 


layers, cementite diffuses to the surface, and is here decom- 
posed. 





Fig. 14. Room Temperature. Fig. 15. 700°C. 


Inclusions of oxygen in steel. 

The results of the researches on the amount and the tem- 
perature coefficient of the solubility of oxygen in solid iron 
show great discrepancies. While Oberhoffer, Schiffler and Hes- 
senbruch4 agree with Benedicks5,6 on a value of 0.05% O, yet 
R. Schenck7 finds a value of 2.05% O at 700°C. and 2.8% O at 
1000°C. In a later work,8 R. Schenck finds a value of 0.4-0.5% 
O at both 800° and 1000°C. W. Krings and J. Kempkens® give 
a value of 0.11% at 715°C. for the solubility of oxygen in solid 
iron. Diinnwald and Wagner1° deduce from the investigation 
of the equilibria 


CO, + C (dissolved in a-iron) —=2 CO 
and CO, + C (dissolved in y-iron) — 2 CO, 


that the solubility of oxygen in solid iron at 800° and 1000°C. 
is less than 0.01%. J. Reschka11 examines iron samples, pre- 
pared by pressing, sintering and forging of the powdered 
materials. In these samples oxygen was combined only with 
iron. Reschka finds, that the solubility of oxygen in solid iron 
lies below 0.08% O (probably considerably lower), and that 
the change of solubility up to about 1300°C. is probably very 
small and should not be more than 0.04% O. It was not pos- 
sible, to appreciably alter the number and size of the inclu- 
sions by annealing and subsequent quenching. H. Schenck and 
Hengler12 give with 0.2% O the highest value of recent times, 
and consider that the A;- and Ay-transformation temperatures 
are influenced by oxygen to the extent of about 3°C. H. Esser 
states in a previous paper13 that it has not yet been possible 
to demonstrate convincingly an influence of oxygen on the 
transformation points of iron. On account of the agreement 
between his own work and the observation of Reschka, that 
the inclusions of oxygen were not affected by annealing and 
subsequent quenching, H. Esser accepted the value of 0.01% 
(Diinnwald and Wagner) as the most probable. 


The fact that the oxygen inclusions in iron do not change 
their size, form and position in the structure on quenching 
from high temperatures (900°-1200°C.) strongly indicate, that 
the solubility of oxygen in solid iron is very small. However 
there still remains the possibility that this is only apparent, 
owing to a possible high speed of separation of oxygen. The 
oxygen inclusions in iron were therefore examined directly at 


high temperatures with the help of the apparatus, described 
here. 
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Fig. 16. 950°-1000°C. Fig. 17. About 1100°C. 


Figures 14-17. Structure of iron with 0.1% oxygen at different temperatures. (Unetched, magnification 200X.) 
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Two iron-oxygen alloys were used, prepared by the intro- 
duction of oxygen into electrolytic iron melted in vacuo. 
Alloy 1—Approx. 0.05% oxygen 
Alloy 2—0.1% oxygen 
0.004% C, 0.004% No, 0.02% Mn 


Figs. 14, 15, 16 and 17 show the same spot of alloy 2, unetched, 
200 at room temperature, 700°, 950°-1000° and 1100°C. The 
heating to 700° took about 25 minutes. The temperature was 
then raised to 850°C. during about 10 minutes, held at this 
temperature for a further 10 minutes, again heated to 950°- 
1000°C. during 10 minutes and finally raised to 1100°C. during 
10 minutes more. The photographs were taken after each of 
the 10 minute intervals. It appeared that the size of each of 
the oxygen inclusions did not decrease up to 1100°C., but that 
they actually increased more than can be explained by thermal 
expansion. Appreciable solution of the oxide inclusions does 
not therefore seem to take place. One may perhaps assume 
that the particles, which are not visible at a magnification of 
200% (at 1500 2-3% more are visible), amalgamate with the 
larger particles and so cause their growth at high tempera- 
tures. (Coagulation of a compound, insoluble in iron, is known 
in the case of aluminum nitride.) The phenomena which have 
been described here for alloy 2, were also observed for alloy 1. 
To determine whether the inclusions really consisted of iron- 
oxygen compounds, specimens were examined under the micro- 
scope during heating in hydrogen. An appreciable reduction 
of the inclusions took place after a short time at about 700°C. 
On account of the absence of appreciable quantities of foreign 
metals, it can be assumed that the inclusions really consisted 
of iron oxide. 

If a pure iron-oxygen alloy is cvoled slowly to a tempera- 
ture slightly below the solidus-line and then cooled compara- 
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Fig. 18. Apparent eutectic arrangement of oxygen in iron. 
(Unetched, magnification 250»). 
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Fig. 19. Iron-oxygen diagram (Between 22 and 28% O) from R. Vogel and 
E.{Martin, Archiv fiir das Eisenhiittenwesen. Vol. 6, 1932-33, pages 109-111. 


tively rapidly, the oxygen inclusions are visible in the micro- 
scope in an apparently eutectic structure at the grain-bounda- 
ries (Fig. 18). This structure can be explained by assuming 
that the iron crystals, which are formed in the melt on cooling, 
have during their growth, pushed the fluid FeO-particles to 
the grain-boundaries. The iron-crystals themselves are prac- 
tically free from oxygen. 

Based on the above microscopic results on the solubility of 
oxygen in solid iron and the explanation that the eutectic 
appearance of oxygen in iron is only apparent, the iron oxygen 
diagram of Benedicks and Léfquist® has been altered in the 
iron rich part so that the area of solid solubility and the 
eutectic point are obliterated. It is assumed that the area ot! 
miscibility in the fluid state extends right up to the pure iron 
side (Fig. 19). 

In the literature there exist several assumptions on the 
capability of oxygen of forming alloys with iron, which can 
be hardened by precipitation. From the results of the present 
work, the necessary conditions for hardening by precipitation 
are not present in the system iron-oxygen. Insofar as precipi 
tation hardening has been found in oxygen steels, the cause 
of this must be attributed not to oxygen, but to small quan 
tities of carbon, nitrogen and perhaps hydrogen. It has already 
been shown for the first two elements, that they can cause 
precipitation hardening even when present in very small 
quantities. 
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HERCULOY 


A Copper-Silicon-Tin- Zinc Alloy 
by R. A. Wilkins* 


An interesting development, in the field of non-ferrous alloys, 
has been the increasing commercial application of alloys which 
combine the high resistance to corrosion, characteristic of 
copper, with physical properties comparable to the steels and 
similar structural materials. 

The alloys, which have commanded interest and which have 
met with rapidly increasing commercial success and acceptance, 
have, in general, been characterized by a high copper content 
with silicon predominant as an alloying constituent. To this 
basic copper-silicon combination have been added varying per- 
centages of third and fourth constituents for the purposes of 
attaining desirable characteristics from the view point both 
of mill fabrication and of ultimate use. 


“Herculoy” is the trade name applied to a group of new 
illoys of the general type outlined above and characterized by 
the addition of small percentages of tin and zinc, each of which 
lements causes a distinct and useful modification of the prop- 
rties of the basic mixture. 

The data included in this article have been developed on a 
pecific alloy of the following composition: 


5. eee eT ere. eS ee Pee eae oe Pr Pec ne eae ee 94.75% 
TRO. o-ca 08 Ud oe 1 ERS se 14 ASD 6 8S ORS bs te 3.25% 
NO cee res eSSSSSSSHESSSSHESSOHOHSH SOE EEHMHESCHE CHEE HS 1.5 % 
ith, Uitelekcs. 5.96 bi ee a a es Beko cae bo 0 deed webede bes 0.5 % 


It should be understood that the data presented are based 

n commercial production, and that while the theoretical mix- 
ture is as stated above, minor variations in commercial prac- 

ice are to be expected. 

The presence of zinc in small percentage not only increases 
the attainable tensile strengths, but has a marked effect on the 
readiness with which the alloys can be worked either hot or 
cold. The small amount of zinc appears to have a particularly 
advantageous action in increasing the 
facility with which the metal can be 
cast, and tends to eliminate defects 
in the wrought products which have 
their origin in gas or shrink cavities 
in the original casting. 

The presence of zinc may at first 
glance imply a lowering of the re- 
sistance of the basic alloy to corrosive 
attack. In the alloy under considera- 
tion, however, the bearing of the tin 
on the question of corrosion is of 
very distinct interest, and the benefits 
derived from the inclusion of tin more 
than offset any weakness that might 
be occasioned by the addition of zinc. 


In considering the corrosion resis- 
tance of non-ferrous alloys, it is per- 
haps well to distinguish between out- 
right solution, due to corrosive attack 
resulting in rapid loss of weight of 
the metal, and failure, in an engi- 
neering sense, because of a combina- 
tion of mild corrosive attack and 
internal stresses which results in the 
Physical destruction of the part in 
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Herculoy Tanks manufactured by Gerstein & Cooper for 





question through stress corrosion cracking. 

Tin, as an added element in the Cu-Si-Zn series, has a rather 
pronounced effect on the resistance of the basic alloy to the 
first type of corrosion mentioned, namely, strictly chemical 
attack. It has been found that the basic Cu-Si-Zn alloy loses 
weight in contact with 10% sulphuric acid at the boiling tem- 
perature at from 8 to 12 times the rate of the standard 
mixture containing tin. 

A similar resistance to chemical attack, caused by the inclu- 
sion of tin, is observed to a certain extent in a comparison of 
Admiralty metal with ordinary 70-30 brass and Muntz metal 
with Tobin bronze. The effect of tin is more marked in the case 
of the alloys under consideration, probably because of the 
lower zinc content of these latter alloys, which, of course, re- 
sults in a very much higher ratio of tin to zinc. 


In addition, however, to retarding the strictly chemical action 
of a corrosive agent, the tin, when present, renders it possible 
to heat treat fabricated forms of the alloy so as to eliminate 
internal stresses without sacrificing the physical properties 
attained through cold working. 

An alloy of the specific type under consideration will have in 
the cast or fully annealed condition a tensile strength of ap- 
proximately 55,000 Ibs./in.?, with a high ductility illustrated by 
elongations under tensile test as high as 70% in 2 inches. 
Through cold working it is possible, with gradually decreasing 
elongation and ductility, to increase the tensile strength of 
such alloys, in commercial size rod, to well over 100,000 Ibs. /in.? 
Rod of this type, in which a high strength has been induced by 
cold working, acquires internal stresses which, if not relieved, 
lead to the possibility of cracking under mild corrosive attack. 
The simplest method of relieving such stresses is through a 
normalizing relief anneal. In the absence of tin it is difficult 
to carry out such a relief anneal with- 
out simultaneously effecting a dis- 
tinct softening of the material with 
a consequent lowering of _ tensile 
strength. 

With tin present, however, it has 
been found that a full relief of all 
internal stresses can be accomplished 
at a temperature (550°-600° F.) at 
which a distinct hardening effect is 
noted in the alloy. 

In commercial practice the intro- 
duction of this hardening effect is of 
great value. It renders it possible to 
take advantage of the high strengths 
attainable through extreme cold work- 
ing, and at the same time to produce 
a fabricated article which will not be 
liable to failure through stress corro- 
sion cracking. 





In addition to the functions out- 
lined above, the small percentage of 
tin used has the effect of increasing 
the tensile strength and the ductility 
of the basic alloy simultaneously. 

The percentage of tin in these 
alloys, therefore, while small, is of 
very considerable significance. It ef- 
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fects improvements in the basic Cu-Si-Zn alloy which correct 
the specific weaknesses which have impeded the commercial 
progress of this otherwise very interesting alloy series. 

The susceptibility of being relief annealed, with an increase 
rather than a decrease in hardness and tensile strength, is 
such an interesting and distinctive feature of the alloy under 
consideration that reference to test data will perhaps be of 
interest. 

Specimens of Hevrculoy wire, drawn from 0.257” to 0.182” 
in 2 passes, were heat treated in a salt bath at 50° intervals 
from 400° to 700° F. The time of heat treatment was 20 
minutes. The resulting variation in Rockwell hardness is illus- 
trated by the curve shown in Fig. 1. 

It is interesting 
to note that speci- 
mens ranging from 
500° to 600° when 
bent to a “U” 
shape and subject- 
ed to the standard 
mercurous nitrate 
test for 30 minutes 
showed no tenden- 
cy to crack even QJ 
after the displaced 
mercury remained 
on the specimen 
for several days. 

The _ following 
tests will serve to 
illustrate the effect 
of heat treatment on the physical properties of the alloy. 
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Fig. 1. Herculoy Wire Annealing Test. Drawn 
from .257’’-.218”-.182’’. Samples annealed for 
20 minutes in salt bath. 


Hot rolled rod was cold drawn from a diameter of 0.750” 
to 0.503”. This rod was then cut into 6 specimens, 2 of which 
were tested as drawn, 2 after a 30 minute relief anneal at 
550° F. and 2 after a 5 hour anneal at 550° F. 


The test results follow: 


Ultimate % 

Yield Point Strength Elongation Reduction 

lbs. /in. 2 lbs. /in. 2 % in 2” in area 

As Drawn 1 87,000 135,600 11.0 60 
2 87,000 131,600 12.5 71 
30 minutes at 1 104,500 135,000 11.0 55 
550° F. 2 105,000 135,000 11.0 55 
5 hours at 1 100,000 133,000 11.0 48 
550° F. 2 100,000 132,000 10.0 47 


The Rockwell hardness B scale, 100 ke. load, 1/16” ball on the 
specific specimens tested above rose from 98-99 to 102-103. 


It will be observed that the hardening effect of the heat 
treatment increases the yield point quite materially. An in- 
crease in ultimate strength is usually observed after heat treat- 
ment, but not to the same percentage extent as the increase in 
yield point. 

In commercial practice a 30 minute relief anneal is used, 
but the test figures at 5 hours are included to demonstrate the 
fact that the operation is not delicate and that at the tempera- 
ture used the time effect is negligible. It is, however, interest- 
ing to note that the yield point is being adversely affected by 
the prolongation of the heat treatment. 


The commercial value of the increase in yield point is, of 
course, obvious. 


While the inclusion of tin in Cu-Si-Zn alloys in the range 
indicated is of distinct value in improving the resistance of the 
alloys to corrosive attack and in rendering possible a heat 
treatment which establishes an immunity to stress corrosion 
cracking without loss of strength, it is of additional interest 
to note that these benefits are not accompanied by a sacrifice 
of other properties which are desirable in the commercial 
working or fabricating of non-ferrous metals. 


The tin introduces no structural changes and the alloy re- 
tains a simple a-structure somewhat suggestive of a 70-30 brass. 
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The photomicrographs illustrate the typical structure. 


Annealed 1 hr. at 1000° F. Air Cooled. 
Grain Size .010 mm. 


Annealed 1 hr. at 1100°F. Air Cooled. 
Grain Size .015 mm. 





Annealed 1 hr. at 1300°F. Air Cooled. 
Grain Size .085 mm. 


Annealed 1 hr. at 1200° F. Air Cooled. 
Grain Size .065 mm. 


Fig. 2. Typical Structures Characteristic of Annealed Herculoy. Etched with 
NH,OH+H»202. Magnification 75X. 


As may be surmised from the chemical composition give! 
and the structure shown, alloys in the range under consid 
eration are susceptible of fabrication and cold working to : 
high degree. They are readily adaptable to drawing, spinning, 
or other cold forming operations. They are also readily hot 
worked, forged, and hot pressed. 


Cutting or machining operations are performed with abou 
the same readiness as on mild steel. 


To sum up the properties of this type of alloy in a qualite 
tive way, it can be stated that they are structural materials 
of high strength with a resistance to corrosion which is the 
approximate equivalent of copper. Their field of usefulness is 
to a large extent dictated by these basic characteristics. 


As would be suspected from the high silicon content of these 
alloys, their electrical and thermal conductivities are low and 
the alloys are readily welded by any of the electrical welding 
methods. 


P 


' These alloys are very adaptable to sand casting and yield 
yexcellent, sound castings which are characterized, of course, 
by high corrosion resistance combined with remarkable ductility 
and malleability. 


— 


As a quantitative extension of the above general remarks, 
physical test data on various fabricated forms of the alloy 
follow: 


SAND CASTINGS 


% 
Tensile Strength Elastic Limit Elongation Reduction 
Ibs. /in. 2 Ibs. /in. 2 % in 2” in Area 
55,000 25,500 40-50 25 
ROD 


In giving quantitative physical test data on rod, it must 
be noted that it is beyond the scope of this article to give 
detailed data on all the possible variations of rod intermediate 
between the plain hot rolled product and material which is 
hard drawn to maximum strength. 
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Figs. 3 and 4 show typical stress-strain curves of the hot 


strip for drawing purposes would be about as follows: 









































rolled alloy and of a representative hard drawn and relief Tensile Strength Elongation Rockwell 
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Fig. 3. Stress-Strain Curve for Hot Fig. 4. Herculoy Rod Stress-Strain 
Rolled Herculoy. Curve. 


Intermediate properties can be obtained through controlling 
the amount of cold working and in commercial practice prop- 
erties are so controlled to meet users’ requirements. 


It should be noted that the modulus of elasticity reaches 
a maximum with the plain hot rolled material. Where resilience 
is a determining factor, cold worked material with low modu- 
lus and higher strength would be more desirable. 

The modulus attainable in hot rolled material is approxi- 
mately 20 million and this figure gradually diminishes with 
increasing amounts of cold work until the minimum value 
of 13 million is reached on full hard drawn stock. 


SHEET AND STRIP 
Hot Rolled Sheet 


in general, the physical characteristics of hot rolled sheet 
are the same as those for hot rolled bar and the stress strain 
curve for bar shown in Fig. 3 can be regarded as applicable 
to hot rolled sheet and plate specimens. 

It must be taken into consideration, however, that these 
tests are conducted on commercial materials and that hot 
rolled material in the commercial sense has in most instances 
been subjected to a certain amount of cold work in the final 
passes. Where welding or hot forming operations on either 
sheet or rod result in a full anneal of the metal, the residual 
tensile strength will range between 55,000 and 60,000 Ibs./in.? 
with the former figure constituting a safe basis for engineer- 
ing computations. 


The attainable physical properties on strip material are il- 
lustrated by the following table: 


Ready to Finish 


ae .045 .050 .057 .064 .072 .080 .090 
Finish Gage ... .040 .040 .040 -040 .040 .040 .040 
Numbers Hard.. 1 2 3 4 5 6 7 
Rockwell ........ 90-91 93 98 97-98 99 99 99 
Scleroscope. .... 53 59 63-64 64-65 65-66 67-68 69-70 
ee 143 158 166 169 177 187 187 
Elongation ... 28.1 18.7/20.3 6.3/9.4 3.1 4.7/6.3 8.1 3.1 
Tensile... 89,600 95,600 109,100 115,100 128,100 124,200 125,600 


90,500 99,000 111,900 119,400 136,600 125,600 127,400 
Rockwell 1/16” B—100 kg. 


Fig. 5 shows a typical stress strain curve on cold rolled strip. 
This curve was based on test specimens 0.100” in thickness and, 
therefore, will not check with the tabulated data based on 
0.040” strip. 

Cold rolled and annealed strip and sheet for drawing pur- 
poses will show the expected variations in grain size, drawing 
Properties, etc. resulting from the treatment of the metal 
prior to annealing. 


A representative group of properties for cold rolled annealed 


Fig. 5. Stress-Strain Curve. Cold 
Rolled Herculoy. Four numbers 
hard 0.100”. 
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Fig. 6. Herculoy Rod Temperature-Ten- 
sile Curve. Samples held at temperature 
for 1 hour. 


GENERAL PROPERTIES 
Mechanical 


The principal mechanical properties of the alloy in fabricated 
forms have already been given in the form of test figures. The 
following additional mechanical properties are of interest. 


Specific Gravity—8.54. 


Impact Value: : Energy Absorbed 
Standard Izod Specimen—45° V notch. 
BeOrG DPOWE Beeterial ......cccceuves 25 ft. lbs. 


Hard Drawn Relief Annealed 
Annealed specimens bent 
So RG 8 60 ft. lbs. 
Fatigue Resistance (standard R. R. Moore specimens—hard 
drawn relief annealed material): 
30,000 lbs./in.2 outside fibre stress does not lead to failure 
under 60 million alternations of load. 
20,000 lbs./in.2 fibre stress would probably constitute a con- 
servative design figure. 


-ésebveas 30 ft. lbs. 


RR a OO 8 a en ae eer ee 17.5 in.—lbs./in.3 
RR 375 in.—lbs./in.3 
Thermal 


Alloys of the type under consideration are not suitable for 
mechanical use at elevated temperatures. In general, 600° F. 
is regarded as the maximum temperature at which these alloys 
should be subjected to mechanical loads. 

The curve shown in Fig. 6 illustrates the change in physical 
properties of tensile test specimens with rising temperature. 
The specimens tested were held at the temperature of test for 
one hour before load was applied. 


Eee: TREO fa pH C hose sce necascccecsesusen 1450° F, 
Coefficient thermal expansion 

ade + er ee ar ae 0.0000170 
Thermal conductivity gram-calories 

per second per cc. per ° C. between 25° and 125° C....0.050 
Een OE a cass ob bob wR sO eSWEDDSD cos esecwenues 1023.5 
Electrical 


Resistivity (soft wire) 21.75 microhms per cc. at 22.5° C. 

Max. Induction 470 Maxwells per cm.2 

Magnetizing Force 200 Gilberts per cm.2 

Normal Residual Induction 100 Maxwells per cm.2 

Normal Coercive Force 1.5 Gilberts per cm.2 

a Coefficient of resistance per °C. at 20°C.,, 
: 4 

Permeability (B/H)—2.5 


GENERAL APPLICATIONS AND USES 


It should be pointed out again that the fields of usefulness 
of this type of alloy are those in which its properties as a 
structural material combined with its resistance to corrosion 
render it an economical material of construction. 


It is not the purpose of this article to enlarge on possible 
fields of application for this material, but a single specific 
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Herculoy Valves for Foamite Lines, Procter & Gamble Plant, Cincinnati. 


instance of use may be of value in an illustrative way. For the 
purpose of such illustration, the field of tank construction 
may be cited. In this field alloys of the silicon bronze type, 
because of their physical properties, are adequate as materials 
of construction. In addition, because of the ease with which 
they can be electrically welded or gas welded, these alloys tend 
to reduce fabricating costs. 

Where the type of corrosive material warrants the use of 
the silicon bronzes, tanks can be constructed with reference 
solely to the mechanical and structural requirements. Such 
tanks can then be used without the further expense in ma- 
terial and labor of protecting the structural material with 
linings designed to resist corrosion. 

The silicon bronzes are resistant to the corrosive attack of a 
large variety of common commercial reagents and chemicals. 

Laboratory and field tests indicate that this type of alloy 
will give satisfactory service in contact with the following 
commercial chemicals: 

In general, active oxidizing agents cannot be satisfactorily 
used in contact with the silicon bronzes, and it is, of course 
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Tetrachloride Filter made by Bauerle & Morris for American Laundry Ma- 
chine Company. 
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Acetic Acid (Very dilute) 
Acetic Acid (Moderate dilution) 
Acetic Acid (Concentrated) Chlorine Water 

Acetic Anhydride Citrie Acid 

Acetone Copper Sulphate 

Aluminum Chloride Ethyl Acetate 

Aluminum Sulphate Fatty Acids 

Ammonia Anhydrous Ferrous Chloride 

Amyl Acetate Ferrous Sulphate 

Amyl Chloride Formaldehyde 

Benzaldehyde Formic Acid 

Bromine Hydrobromic Acid 

Butyl Acetate Hydrochloric Acid (Very dilute) 
Calcium Chloride Hydrochloric Acid (Moderate dilution) 
Calcium Hypochlorite Hydrochloric Acid (Concentrated) 


Carbon Tetrachloride 
Carbonic Acid 


















Iodine 
Lactic Acid 
Magnesium Chloride 
Magnesium Sulphate 
Oxalie Acid 
Phenol 
Phosphorie Acid 4 
Sea Water and Brine © | 
Sodium Bisulphate . ' 
Sodium Bisulphite A 
Sodium Carbonate 
Sodium Ferricyanide 
Sodium Hydroxide 
(Very dilute) | 
Sodium Hydroxide 
(Moderate Dilution) 
Sodium Hydrosulphite | 
Sodium Nitrate ' 
Sodium Phosphates 
Sodium Sulphite 
Sulphuric Acid 
(Very dilute) 
Sulphuric Acid 
(Moderate dilution) 
Sulphurie Acid 
(Concentrated) 
Sulphurous Acid 
Tannic Acid 





—- ~<a, 





King Frost Protected Disc Meter for Domestic Service. The disc spindle, 
gear shafts, pinions and screws are made of Herculoy. | 





essential in considering the question of corrosion as affecting 
any material of construction that the influence of secondary 
factors such as aeration be considered. 

The material herein contained is presented with the thought 
that the silicon bronzes, of which the specific alloy discussed as 
a type, will continue to find increasing favor in various indus- 
trial fields. It has been the intent of this article to present data 
and information of general interest in connection with what 
is substantially a new engineering material. 
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Whitman & Barnes, Inc., announces the acquisition of 3 sub- 
sidiaries, following consummation of a reorganization plan, 
ratified by the stockholders of the various companies, on July 
21st, as follows: Latrobe Tool Mfg. Co., J. M. Carpenter Tap 
& Die Co. and Valley Forge Steel & Tool Co. 
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J. C. Fox, Chief Chemist and Metallurgist of the Doehler Die 
Casting Co., will change his headquarters from the New York 
Office to the Toledo, Ohio, Plant of the company, where the 
executive offices are now located. 
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The International Convocation on Corrosion sponsored by 
The Electrochemical Society will be held at the Hotel Stevens, 
Chicago, Thursday morning, September 7, 1933. A. W. Hother- 
sall of London will discuss the Adhesion of Electrodeposited 
Coatings to Steel. Karl Daeves of Diisseldorf will emphasize 
the Effect of Composition and Pre-Treatment of Steels upon 
the. Life of Protective Coatings. E. Herzog of Lille, France, 
will present his views on the Value of Electrodeposits in Pro 
tecting Iron. S. C. Britton and Ulick R. Evans of Cambridge, 
England, will report on their scientific study of Protective 
Painting, and Manfred Ragg of Hamburg, Germany, 
advocate the Use of Lead Pigments to Protect Iron and St r 
Oliver P. Watts of the University of Wisconsin will present > 
the most modern interpretation of the Theory of Corrosion: 
K. H. Logan of the Bureau of Standards, Washington, will 
submit detailed data on Tests Made on Iron Pipes Embed 
in Damp Soil. Among others to participate in this Interna 
tional Convocation on Corrosion are Lobry de Bruyn of Am- 3 
sterdam, Holland, L. Hajda of Dratnova, Czechoslovakia, 
F. N. Speller, a member of the Editorial Advisory Board 
Metals & Alloys, who will act as Chairman of the Meeting. 
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